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PREFACE 


The series of books Coaching at Your Home (A Golden Guide 
to Competitive Examinations) are primarily aimed at fulfilling the 
long felt need of authentic publications, reasonably priced, for the 
students aspiring to compete at the competitive examination of Bihar, 
Roorkee, C.E.E. Bihar, I.f. T. and other important entrance examina- 
tions, for Engineering Colleges. Our further intention is to provide 
a suitable and effective alternative to the expensive and time bound 
coaching imparted at different Coaching Institues. The books in 
the series have been planned to cater to the student's requirement of 
sufficient self learning and practicing materials, with a personalised 
touch of a teacher for COACHING AT THEIR HOME. 


The students, in general, aspiring to go in for an engineering 
entrance examination, find themselves at sea while tackling the 
syllabus or the questions of the above examinations, either because 
they have been neglecting their regular studies or because of the 
previous knowledge imparted to them at earlier levels were not 
adequate. But the entrance examinations require them to have a 
very systematic knowledge of the subject, so that they may be able 
to solve new problems similar to those they have already done. This 
presents the need of good, systematic and simplified guide book 
which can impart knowledge as well as guide the students in the 
right direction to tackle and solve new problems to achieve success. 

The aim of writing this guide in physics is to provide coaching 
at home to those students who cannot take correspondence coaching 
or attend regular coaching institutes. Keeping these in mind, the 
present book on Physics (Mechanics) has been prepared. 


The entire subject matter has been arranged in several lessons 
and each lesson contains resume of the subject matter, critical 
questions, numerical and subject matter objectives, examples and 
exercises. At the end of each lesson a set of test questions on the 
topics in the lesson is given to test one’s depth of understanding. 
At the end of all the lessons, several sets of model questions of 
different competitive examinations such as IIT, CEE, BIT (Mesra), 
JEE (WB), Roorke, ISM (Dhanbad), NDA ctc. are given with 
the same motto—test yourself. 


(vi) 


To derive maximum benefit from this book one needs a basic 
book giving conceptual ideas. Introductory Physics Part I & II 
authored by N. N. Ghosh will serve the purpose. Proceed with 
chapters of the basic book and then take up the same chapters of 
this book. Though answers of all the problems are provided students 
are strongly advised not to refer to them hurriedly. They should 
consult the solutions only as a last resort. Before taking up the 
lessons carefully read GUIDELINES FOR SOLVING PROBLEMS 
and GUIDELINES FOR BEHAVIOUR IN THE EXAMINATION 
HALL appearing in following pages. 


—Authors 


GUIDELINES FOR SOLVING PROBLEMS 


91. Always remember, that problems are based on basic and 
simple principles. The examiner may make problems more difficult 
or lengthy by bringing in diverse conditions. You have to think 
out the basic principles. So, first of all, read the problem carefully, 
think deeply and then proceed to solve the problem only after 
realising its underlying principles. 


O92. Wherever possible, specially in mechanics, light and 
current electricity, draw a diagram elucidating the essence of the 
problem; this will always help you to discover the fundamental 
principle involved. 


093. Never consider any word redundant in any problem. For 
example, suppose a problem reads—‘A uniform rod is tied by a 
massless string.......... ? It isa common error to think that rods 
are essentially uniform and strings massless and the words ‘uniform’ 
and ‘massless’ are redundant. This is not true. It is the word 
‘uniform’ that permits us to take the cg of the rod at its centre and 
the word ‘massless’ makes the problem much simpler. So, note the 
significance of each word of the problem. 


@4. Laws, equations and formulae may have limitations. Try 
to learn their limitations. Before applying them be careful about 
the applicability to your specific problem. Suppose you are asked 
to find the velocity acquired by a body released from a height 104 km: 
If you apply the well-known formula vi—u2=2¢s, tbe result will be 
totally wrong because the formula is applicable only when the 
acceleration is uniform. But here the acceleration due to gravity 
is not uniform over such a large distance above the surface of the 

“earth. This fact restricts the application of the above formula to 
this particular problem. 


@5. If you are unable to solve a problem on the first attempt, 
don’t hurry to consult the solution provided. Make a fresh study 
of the theoretical aspects, paying attention to finer points. Experience 
shows that a repeated study of the theory with definite a problem in 
mind is very effective and ensures quick success, when a second 
attempt at the problem is made, Failure in the first attempt should 
never caus? gloom and despair. You have equal potentiality and 
creative abilities as the other successful students. 


( viii ) 


@6. In most cases the problem should be solved in a general 
form with suitable notations (symbols) for the relevant quantities. 
However, this should not be considered as a rule. Sometimes the 
price of generality is an excessive volume of calculations. The 
reverse is also true with direct numerical values, It becomes 
cumbersome in forwarding big numerical figures in successive steps. 
You have to apply your sense of discretion to decide what process 


would be convenient, Do not forget to give proper unit in the final 
answer. 


@7. Do not be disturbed if you think that some essential 
quantities are not specified in the statement of the problem—perhaps 
they will cancel out. Universal constants will generally be supplied, 
Do not be disturbed if one or two constants are missing. The 
values of universal constants are supplied at the end of this book. 


"al 


GUIDELINES FOR BEHAVIOUR IN THE 
EXAMINATION HALL 


91. Read the entire question paper carefully and mark the 
questions and problems that appear familiar to you or whose 
solutions are almost apparent to you. First try all such questions 
and problems. 


92. Remember that all competitive examinations are the 
processes of elimination and not of merit scholarship. So do not 
be discouraged by low score in the first attempt. Next take up the 
unfamiliar questions and problems. 


93. Solve each problem, as a rule, in the general form, that is 
in letter notations and finally substitute the numerical values. It 
becomes cumbersome to carry over numerical values in many succe- 
ssive steps. 


$4. Do not indulge in lengthy arithmetical simplifications to 
obtain the most accurate numerical value up to several places of 
decimals. Make use of significant figures and rules of approxima- 
tion to arrive at the final numerical value in the shortest possible 
time. 


95. Ifthere is negative marking for wrong answers, it is advis- 
able not to indulge in ‘guess answers’. 
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1. Kinematics : 


Average velocity and average acceleration 


2 > ge => 
TU CESAR e c E 
t At 
Uniform velocity and acceleration 
> 
pm dr zo e 
dt dt 


Distance covered 
x= J raat =area of vz—?f curve and t—axis. 


Equations of kinematics 


Linear kinematics Rotational kinematics 
v=Vo+at® 0 -— Go + at 
X=vot+3 at? 9— oot -- dat? 
y? — yo? = 2ax o? — og! = 200. 


5 à LI c 
Relative velocity : Vas =Va— Vs. 


2. Fundamentals of Dynamics : 


c = > > K ME, 
2S 
F=maor m 4. or ap where =my 
dt dt 
For a rigid body or system of particles 
= 
=> > 
Foat=M acm OT Maven 
dt 
For a system of varying mass such as rocket 


Faso m- e» us D 


Forward thrust generated by leaving mass = ura Or 
t 


Acceleration of two connected bodies by a Single thread 


"e assi 
over a frictionless pulley pesing 


a= LOGY o 


mim. ^^ 


( xiv ) 


5 2myms 
T (tension) -——3 9 
C ) vba 
Moment of a force : t=rFsind 
> >> 
Vectorially, t —rxF. 


Tis 
Equilibrium of a body : 5F=0 and c 0. 
Limiting frictional force : fj, — iN. 


Work done by a force: W= J Fascoso or f Fas 


> 


> 
Power of an agent : P= Fagent.Y. 


Kinetic energy : K=4my?, 
Gravitational potential energy : U= Uo - mgh. 
Strain potential energy of a spring— 3kx2, 


3. Time period of a simple pendulum : 


T v w 
g 
Time period of a spring controlled pendulum ; 


T=2r [™, 
k 
4. Dynamics of circular motion : 
2 
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T$ 
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Shell 
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LESSON 1 


In d 
1 i 
: : 
1 Topics: Units and Dimensions F 
1 Vectors and Scalars 1 
H Kinematics (Analytical and H 
1 Graphical) t 
: Relative Velocity : 
L J 


1.1 Units and Dimensions 


Units. To measure a physical quantity and express its unit we 
require a standard of that physical quantity. This ‘standard’ is 
called ‘unit’ of that physical quantity. Measure of any physical 
quantity —nu where n=numerical value of the physical quantity, 
u=unit of the quantity. 


Q. 1. Do you think a definition of a physical quantity for which no, 
method of measurement is known or given has meaning ? 


The units of the basic physical quantities are called base, units 
and the units based on base units are called derived units. In SI 
there are seven base physical quantities—length, mass, time, tempera- 
ture, current, luminous intensity and the amount of substance. 
The base units are— ; 

(i) the metre (m), the standard of length 

(ii) the kilogramme (kg), the standard of mass 

(iii) the second (s), the standard of time 

(iv) the kelvin (K), the standard of temperature 

(v) the ampere (A), the standard of current 

(vi) the candela (cd); the standard of luminous intensity 

(vii) the mole (mol), the standard of the amount of substance, 

In addition to base units two more units are defined in SI. These 
are called supplementary units. The radian (rad) and the steradian 
(sr) are the two supplementary units which are units for plane angle 
and solid angles respectively. For definitions of base units and 
supplementary units see Introductory Physics-Part I of Bharati 
Bhawan, Patna-4, Bihar. 

Some of the Most Common Derived Units in SI with Symbols 


Force newton N 

Work or energy joule J 

Power watt Ww 
C. Y. H. PHY. (1)-1 
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Torque newton metre Nm 
Pressure Pascal Pa 
Frequency hertz Hz 
Luminance lux Ix 
Charge coulomb c 
Potential volt V 

. Capacitance farad F 
Magnetic flux weber wb 
Magnetic induction tesla T 
Inductance henry H 


Q. 2. Is thé choice of mass, length and time as fundamental quan- 


tities unique ? 


SI Prefixes and Multiplication Factors 


Factor Prefix Symbol 
102 tera TE 
10? giga (billion) B 
10° mega (million) M 
10? kilo k 
TOZS milli m 
10-6 micro u 
10=° nano n 
103? pico p 
10-15 femto f 
10-15 atto a 


Some Important Auxiliary Units 


Angstrom (A) = 10-29 m Are (a)= 100 m? 
Fermi (fm) = 10315 m Barn (b) 210-25 m? 
Astronomical Unit (A. U.) 21:496 x 104 m 

Parsec = 5:048 x 1019 m 

Lightyear =9 460 x 1015 m. 


Q.3. When human race would settle on other planets, what 


drawbacks would our Standards of length and time have? What 
drawbacks would atomic standards have ? 


Q. 4. Can you Suggest a meth 


od to measure (a). radius of the earth, 
(b) distance between the sun 


and the earth, 


Dimensions. The dimensions of 


a physical quantity are the powers 
of the fundamental (base) quantit 


ies to which they are to be? raised 


— m——Óms—»")x— á—Q——— o 2 2 iiim EE 
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to represent a unit of that physical quantity. The dimension of the 
base quantities are denoted by L (length), M (mass), T (time), 
K (temperature), J (current), P (luminous intensity) and mol (mole). 
The symbol [4] is read as ‘dimension of 4’. The dimensions of a 
physical quantity are calculated either from its definition or the 
formula in which it occurs. 


Dimensions of Some Common Physical Quantities 


Velocity TX 
Acceleration LT 
Force MLT~, 


Q. 5. How many physical quantities can be connected by the method 
of dimensions in mechanics ? 


1.2 Scalars and Vectors 


Scalars. A scalar quantity is that which requires only magni- 
tude for its complete specification, e.g., mass, time, volume, tempera- 
ture, speed, energy, current, electric and magnetic flux etc. 


Vectors. Vectors are those which require both magnitude and 
direction for their complete specification, e.g., displacement, velocity, 
acceleration, angular velocity, magnetic field, current density, etc. 
In addition to the above two specifications viz. magnitude and direc- 
tion, a vector must obey the rules of vector algebra given below. 

Frame of Reference, To locate the position of a particle or to repre- 
sent a vector geometrically, we 
need a fixed point called the Y 
“origin’ [O], and a set of three 
mutually perpendicular lines 
OX, OY, OZ meeting at the 
origin. This is called the frame 
of reference. In a frame of 
reference a vector is represented 
by an arrowed straight line 
(e.8. AB) whose length is pro- 
portional to the magnitude of 
the vector and the arrow on it 
beams in the direction of the 
vector. . ! Fig.1.1 

The frame of reference. is usually chosenas shown in Fig. 1.1, 


However, in many simple cases, we need to consider only two axes. 
Usually, OX and O Y are used in such Cases, e.g., Fig. 1.2, 
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Q. 6. What does an observer on the earth mean by ‘up’ and ‘down’ t 
Does all such observers use the same frame of reference ? 


Vector Addition and Subtraction. In any triangle ABC 
AB-- BC — AC. 
This is called ‘triangle law’ ‘of vector addition. Vectors are 
added by this law. Subtraction of a vector b from a is addition 
of vector — b to the vector a. 


Representation of a Vector in terms of Unit Vector. 
E» ^ 
a—a.a 


that is, a vector is always equal to the unit vector along it multiplied 
by its modulus. 
— — 
Resolved Parts of a Vector. If a vector r is represented by OP in a 
two-dimensional frame of reference, then OP = P» 


(Let 1, j, k represent unit vectors in the directions OX, OY, OZ.) 


Draw perpendicular PN from P 
Y on OX. By the triangle law of 
vector addition we have 


P OP=ON-+NP. 
If 7 PON- 9, ON-QOPcos0, or 
"Tia ^ > ^ 
ON —OPcos6 i and NP— OPsin9 j. 
Jt í 
[6] N x $i 


r —rCOS0 i --rsino jo 
Here rcos0 iis called the vector 
component of the vector along X-axis and rcoso is the scalar 


component of the vector along X-axis or the resolved part of the 
vector along the X-axis. 


Fig 1.2 


Remember the resolved part of a vector along any direction is giver 
by the vector multiplied by cosine of the angle. If X, y are the 
co-ordinates of the terminal point P of the vector then rcos0— x and 
rsind=y. 

nt, ^ 

r=xi +yj 
and r=4/x?+y* and tandb=y/x or 0-tan-ly[x. 
In three-dimensional co-ordinate axes 


> ^ ^ ^ 
r=xi+yj4tzk 
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and r= X FEF 
ya eee aya 
and. tang,— V2 7. um Zi itano VZ = d Hen VETI, 


Z 
cos@z, coséy and M are called ‘direction cosines’ of the vector. 
Scalar or Dot Product. The scalar product of two vectors is defined 
TS XS OE 

asa. b= |a | | b | cos@ where @ is the angle (smaller one) between 


a and b. The scalar product of two vectors is a scalar. 
Characteristics of Scalar Products. 


(a.b-b.a 7 (Commutative law) 
(ii) a. (b+c)=a.b+4. c (Distributive law) 


(iv) a. b =azbz+ayby+ a,b, where ar, ay, az and bz, by and b. 
are scalar components of a and b respectively. 

(9) iuiejuj-—k:; Cpsetdho nec bmk PHO | 

Vector Product. The vector Z ; 
product of two vectors a and b t 


d > 
is defined as a vector c whose 
mod.is given by 


A 

a Eum =] os i si 
| „c= |a] |5|sind and 

whose direction is given by the Za 


direction of translation of a 90 a 
> 
screw perpendicular to a and Fig. 1.3 


B and rotating. from a to b through the smaller angle. 


Characteristics of Vector Products. 


(i) a x yes — b x a (Commutative law does not hold) 
(i) a ax(b 4c)=ax b+axe (Distributive law) 
(iii) a x a =0 

PP : 
(iv) a x b= Py ob) AE 

bs "bysib; 
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Types of Vectors. 
(i) UNIT VECTOR—A vector whose mod (magnitude, modulus) is 


unity. It is represented by a hat (e.g. i) instead of an arrow over it. 
(ii) NULL VECTOR—A vector whose mod is zero. 

(ii) CONSTANT VECTOR—A vector whose components are 
constants. 

(iv) AXIAL VECTOR— Vectors associated with rotational motion 
are called axial vectors, e.g., angular velocity, torque. The direction 
of an axial vector is always along the normal to the plane of rota- 
tion and particularly along the direction of translation of a screw 


perpendicular to the plane of rotation and rotating in the same 
direction. 


Q. 7. Is division of vectors defined ? 


1.3 Kinematics 


Position Vector. The distance of a 
and direction from the origin of a fr. 
*position vector' of the particle. 


frame of reference is given by 
— 


r—xi 4yjf oz K, 


particle specified in magnitude 
ame of reference is; called the 
The position vector of a point in a. 


Displacement. The distance of a 
particle specified in magnitude and 
direction from the initial position is 
called displacement of the particle 
between the  intial and final 
position. 

> > > 
Fig. 1.4 U EI up ie 
Uniform Velocity and Acceleration 


Uniform velocity means Motion in a straight line with constant 


Speed (zero acceleration). Uniform acceleration means constant 
acceleration in a fixed direction, 
= 


Be oy tlre ah ako 
Pe dii and oM 


When motion takes place along a straight line, in the X direction, 


== (x )=slope of x-t plot. Here x is the displacement of the 


Particle along the line from a fixed Point on the line, 
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a dx- : : 2 d*x 25 
For brevity gr sometimes written as x and ug 8* etc. 


ari x) =slope of y-t plot. 


E dt 


Distance Covered. 

$— f vdt=area between v-t curve and t-axis. 

Note. Distance covered here means displacement. The distance 
described is the sum of distances described irrespective of their signs 
(positive or negative). 

Q. The velocity of a particle is plotted against time, as shown. 
Find (a) the distance described by the particle and (b) the displace- 
ment of the particle. 


Fig. 1.5 
Ans. The unit of area here is (m/s) x (s) 2 m. 
The positive area of OABC=24 m. 
The negative area of CDEF=12 m. 
(a) The total area (neglecting sign) — 36 m. 
This is the distance described. 
(b) The total area (considering sign) — 12 m. 
This is the displacement of the particle. 
Q- In the previous question, find the acceleration for OA and EF. 
Suggest what happens at BD. 
Ans. Since OA is a straight line, it suggests constant acceleration 
(slope is constant). The acceleration is given as 


a=slope of OA= Sm =| m/s?, 
s 


Similarly, the acceleration at EF is also uniform, equal to 


4 m/s 


a=slope of EF= 
2s 


=2 m/s? 
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At BD, the velocity changes from 4 m/s to —4 m/s instantane- 
ously, that is, it reverses in direction without change in magnitude. 


This can occur iu an elastic collision with a rigid body. 


Angular Velocity and Acceleration of a Solid Body. 


Relation of Angular Velocity and Speed. 
v=o. 
Equations of Kinematics. 
Equations of linear. kinematics | Equations of rotational kinematics 


V=Vot+ at | ©=0)+at 
S= vt +} at? | 9—a,t-- jal? 
Y—yw-2 as | Q3 — ou? — 299, 


Note. These equations are applicable only when the accelerations 
are uniform. 


Q. 8. Can you use the equations of kinematics to find the height 
attained by a body projected upwards with any velocity ? 


Relative Velocity. The vector difference between absolute velocities 
of bodies is called their relative velocity. The concept of relative 
velocity enables us to treat one body to be at rest while the other is 
in motion with the ‘telative velocity. ^ This formalism greatly 


simplifies many problems, If ZA is the absolute velocity a body 4 


and Va that of another body B, then relative velocity of A relative 


to B is AT 
and Vig, es jc. Y,. 


To: calculate relative velocity, follow this simple rule :—If two 
bodies 4 and B are in motion, and you wish to find the velocity of 
A relative'to B, then superimpose (add) a velocity equal and Opposite 
to the velocity of B, to both A and B... Now B will come torest, 
while A will have two velocities : (i) its original velocity and (ii) the 
extra velocity you have supplied. Find their resultant. This gives 
the relative velocity of A with respect to B. 

The principle we follow here is that "the relative velocity between 


two bodies remains unchanged by giving the same additional 
velocity to both bodies,” 
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Q. 9. Can relative velocity be greater than the absolute velocity ? 


Q. 10. A boy sitting in car moying with constant velocity throws a 
ball straight up into the air. Will the ball fall behind him ? In front. of 
him ? Into his hand ? What happens if the car accelerates forward or 
goes round a curye while.the ball is in the air ? 

Q. 11. A ball is: thrown up. .If the air resistance is taken into 
account and is supposed to be constant, will time of ascent be longer or 
shorter than the time of descent ? 


ANSWERS TO QUESTIONS IN THE TEXT 


Ans. 1. No, because a physical quantity is defined as that one 
which is measurable. I 

Ans. 2. No, we can yery well take other quantities as fundamental 
quantities such as force, length and time: In fact we take very often 
these three (force, length and time) as fundamental quantities e.g., in 
defining unit surface tension; Young’s modulus etc. 


Ans. 3. Standard of length would have no drawback but standard 
of time would have drawback as it is defined either in terms of 
diurnal rotation or annual motion of the earth. Atomic standards 
would, however, have no drawbacks. This is the reason why all 
standards have been defined in terms of characteristics of atoms. 


Ans. 4. By 'triangulation method’, ‘For details see Introductory 
Physics-Part T, chapter 1, 2nd edition. 


Ans. 5. By ‘up’ an observer on the earth means ‘away from the 
centre of the earth’ and by ‘down’ he means ‘towards the centre of 
the earth’. No, e.g., if two observers on the north pole 'and south 
are asked to take ‘upward’ as y-axis then their y-axes are just 
Opposite. 

Ans. 6. Four, by equating the powers of M, L and T. ' 

Ans. 7. No. 

Ans. 8. No, because the equations are applicable so long the 
acceleration is uniform. The. acceleration due to gravity is uniform 
only near the surface of the earth, 


Ans. 9. Yes, e.g., when two bodies move iñ opposite directions 

_ the relative velocity of each is greater than individual velocity. : 
Ans. 10. Falls, into his hand because of ‘physical independence 
of vectors’ i.e. the forward velocity of the ball in air is the same as 
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that of the car. But if the car is accelerated, the ball will fall behind 
him. When the car goes round a curve it will fall in front of him 
because the ball in air will move along the tangent to the curved 
path through a certain distance whereas the car will move along the 
curved path of the same length. 


Ans. 11. Let F be the constant force on the body. Then for its 
upward journey we have, mg+f=ma where a is the retardation. 


ETE) hui) 
or O where g ai 


Then v=(2+')tascent and v?=2(g¥g') h where v, is the 
velocity of projection. 
tnnt] 
£-Fg 


During downward journey, mg — F—a' where a’ is acceleration 
of downward motion. 


or q-g-P -gg 


h=O+3(g—g')t descent OF tamem =) HEN B 
Obviously 


taescent > lascent- 


OBJECTIVE QUESTIONS 


1. If the acceleration due to gravity is 10 ms-* and the units of 


length and time are changed to kilometre and hour respectively, 
then the numerical value of the acceleration is 


(a) 360000, (b) 72000, 
(c) 36000, (d) 129600. y 
Ans. 10 ms*=nkm h or n=129600. So the answer is (d). 


2. If a particle starting from rest describes 7 m in the 
the distance described in the 5th second is 
(à) 12m, (6) 9m, (c) ll m, (d) 14m. 
Ans. We have Snin =Sn— Sr = V1 a (2n— 1). 
7—1ax7 


Ssa — 3ax 9. 
Hence S;,—9. So the answer is (b). 


4th second, 


E ^ ^ ec UP ^ 
SAIf au 2d 3g c Ep = i +j—2k, the scalar product 
of the vectors is (a) —5, (b) +5, (c) —3, (d 


ser 


LESSON 1 1f 


c £e ^ ^ ^ ^ ^ ^ 
Ans. a.b -(2i —3j + kK).(i +j —-2k) 
=2x%1+4+(—3)x 1+1 x(—2)= —3. 
So the answer is (c). 
4. If the acceleration due to gravity is represented by unity in a 


system of units, and one second be the unit of time, the unit of length 
is (a) 9'8 m, (b) 1 m, (c) 98 m, (d) -98 m. 

Ans. 11s*=9-8 ms? or L=9:8m. So the answer is (a). 

5. If the force of attraction between two unit masses (1 kg each) 
lkm apart is taken as unit force and the unit of energy in this 
system is called ‘eluoj’ (joule written in the reverse order), then the 
relation of ‘joule’ and ‘eluoj’ is (a) 1 joule = 6°67 x 10-7” eluoj, 
(b) 1 eluoj=6:67x 10-14 joule, (c) 1 eluoj — 10-* joule, (d) 1 joule: 
= 6°67 x 10- eluoj (G—6:67 x 10-3: Nm*ke-2), 

Ans. Let us call the force in the new system ‘notwen’ (newton 
written in reverse order). 


Then 1 notwen - GL K8X1 kg or G=10° notwen m*kg-2_ 
(1 km)? 


But G—6:67x 101 N m? kg, 
1 notwen 2 6:67 x 10-1” newton. 


1 eluoj=1 notwenx1 km-—6:67 x 10-4 newton x m —6:67 x 10-14 
joule, 


So the answer is (b). 


6. If the dot product of two vectors is the same as the mod of 
their cross product, the angle between the vectors is (a) 90°, (b) 459. 
(c) 30°, (d) 0°. 


Ans. We have abcosü—absinó or 0—45?. So the answer is (b). 
> ^ ^ ER" $ one 
7. 1f a—4i—3j and b -6i-8j, la+b]| is 
(a) 5, (b) 54/5, (c) 35, (d) 4/5. À 
> > " ^ ^ ee $ * 
Ans. a+b = 47-374 6i 48j =107 +5). 


> > 
| a+b | —M/1024-52— 54/5. 
So the answer is (b). 


8. A point traversed half a circle of radius R during time interval 


7. Its mean speed is (a) E (b) e c) zR > (d) sR 
‘co dr 
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total distance _ zR 


7 speed = — — — — — “—. So the answer 
dics caecum n total time 5 


is (d). 


9. In theabove example the modulus of the mean velocity is 


2R 2nR mR aR 
(a) Peat) (b) C (c) AC (d) T 


= i GER 2R ? 
Ans. « y >, average velocity = £4 ( Ja i 


So the answer is (a). 


10. -A man runs to a goal post 80m away and returns to the 
starting point in 10 minutes. (a) His displacement, and the distance 
‘covered by him are both zero, (b) his displacement is zero and the 
distance covered by him is 160 m, (c) his displacement is 160 m and 
the distance covered by him is also 160 m, (d) his displacement is 
zero and the distance covered by him is also zero. 

Ans, (b). 


11. A train A moves to the east with velocity 40 km per hour and 
a second train B moves to tbe north with velocity 30 km per hour. 
The relative velocity of A relative to B is (a) 70 kmh to the east, 
(6) 10 to the north-east, (c) 50kph at some angle south of'east, 
(d) 50 kph at some angle north of east. S 


Ans. Answer is (c). 


—— ^ ^ 
12. If a vector is given by a = 3 i +4], the modulus of the 
vector is (a) 7, (b) 4/7, (c) 1, (d) 5. 


Ans. Answer is (d). 


13. Which one of the following represents uniformly accelerated 
motion(a)x— //—4 (b) ed 


Ey bees ZU. 
E > (c)u- > (d) xy ta, 
where a and bare constants and x is the distance described. | 


Ans. A quadratic in t as is evident from S=ut+ 


3 at? reprerents 
uniformly accelerated motion. 


Hence the answer is (c). 
14. In the arrangement shown in t 
an unstretchablestring move! downwards with uniform speed u. 
Pulleys A and B are fixed. Mass M moves upwards with a speed 
(a) 2ucos®, (b) u/cos®, (c) 2u/cose, (d) ucose. (I. I. T. 1982) 


he figure, the ends P and @ of 
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Ans. This is a problem on constraints of motion. Here length of 
the string and the distance between 


the pulleys are fixed. Let 2a be the vA 
distance between the pulleys and IK 

let x and y be the instantaneous P y Q 
vertical downward. distances .of M M 

and P (or Q) from the horizontal. Fig. 1:6 


Now from the constraint of the motion 2y--24/aia- xi a cons- 
tant, (because the string is unstretchable). Differentiating with respect 
to t we have 


-2 
dy 1 2 2 5 dx _ 
2425 (a +x ) PS), 


: dy . , dx 
Here zh =ù (given) and a (say). 
Sp Pl y= OM a pa e tM : 
aix x COs6 
VEER 


The negative sign shows that the velocity of M is opposite to the 
velocity of P (or Q). 


MS v= 


in Hence the answer is (b). 
cos 


15. A particle is moving eastward with a velocity of 5 ms-i, In 
10 s the velocity changes to 5 ms-* northward. The average accelera- 


tion in this time is (a) zero, (b) Ar towards north-west, 


(c) a5 ms~ towards north-east, (d) E: ms~* towards north-west, 


(LLT 1983) 


Ans. pus reference to a frame x-axis eastward and y-axis 


northward, B? =57 and * =5j 5 


ee S 5i-5í ^ ^ 

. <a> Sag oT B. 
ie = 8) 

E «a = =— 
M2) 2) s: 
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I H 
tang =—2 x Or 8=135°, that is, north-west direction. 
E 
Hence the answer is (b). 


16. A river is flowing from west to east at a speed of 5 metres 
per minute. A man on the south bank of the river, capable of 
swimming at 10 metres per minute in still water, wants to swim 
across the river in the shortest time. He should swim in a direction 
{a) due north, (b) 30° east of north, (c) 30° west of north, (d) 60° east 
-of north. (LIT 1983) 

Ans. He should swim due north, because when he swims due 
north whole of his velocity is effective in taking him across the river. 
So the answer is (a). 

17. In the above example if he wants to cross t 
being drifted he should swim (a) due north, 
(c) 30? west of north, (d) 60? east of north. 

Ans. He should swim in such a direc 
velocity is at right angles to the river. 

18. The dimensions of tori 
(c) MLT-, (d) MI?T3, 

Ans. Torque —force x distance = MLT-2 x L=MLT-. 
answer is (b). 5 


19. The dimension of the gravitational constant is (a) ML27-3 
(b) MILT, (c) MET=, (d) M—L37-2, ; 
Ans. [6] = (F][d?] —MLT-L? 
[Im x mj M* 
So the answer is (d). 
20. Parsec is the unit of 
(d) velocity. 
Ans. Answer is (c). 


he river without 
(b) 30? east of north, 


tion that his resultant 
Answer is (c). 


que is (a) M?I2T—. (b MI?T-, 


So the 


-MIpT-2, 


(a) time, (b) angle, (c) distance, 


21. A femtometre stands for (a) 10-15 cm, (b) 10-6 ES 
tine ding ( » (b) m, (c) 10-5 m, 


Ans. (d). 


a ^ ^ 
22; If r =ai+ bj, then the 


; inclination of the vector with the 
X-axis in the anticlockwise directi TE 


on is 


TD, qd h 
(a) sin tu ©) sin 1z (©) tant uo @ tana =. 


Ans. (c). 


LESSON 1 15 


23. The slope of v-t curve gives (a) displacement, (b) total 
distance described, (c) acceleration, (d) average velocity. 


Ans. Answer is (c). 
24. In a rectilinear motion the distance described is given by 


(a) fvdt, (b) slope (e (c) curvature (£7 ) (d) ftdv. 


Ans. Answer is (a). 


25. If force (F), length (L), current (7) and time (T)are taken as 
bases then the dimensions of Eo is (a) FI?T?T-2, (b) EBIT? 
(c) FAL=7272, (d) FELT. 


mye ad Nn 
Ans. We have, asc dic 


= nx LITXIT ya 27272 
Le Gey, 7 pr c Ep. 


So the answer is (c). 


26. If a stone is released from a balloon rising with acceleration a 
at the instant when its velocity is v, then immediately after release 
the acceleration and velocity of the stone are (a) a(upward), 
v(upward), (b) &(upward), v(upward), (c) &(downward), v(upward), 
(d) (g—a) and Y(upward). 

Ans. Answer is (c). 


Note. A body 4 released from a body B will have the same initial 
velocity as B but not its acceleration. For example, a stone released 
from a balloon rising with acceleration 2. will have the same upward 
velocity as the velocity of the balloon when it is released but its 
acceleration will be g downward and not a. 


27. The dimensions of Capacitance are (a) M. 720-2, 
Senes d (0 MATATAQUUM) Mig where. D 
the dimension of charge. 

charge 


Ans. Capacitance = - TE —. 
P Potential ditference 


Potential difference — Work done 
charge 


Ra» ge? 
-. "Capacitance = charge a 
work done 
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; ET Q? —MA[T-T203 
[capacitance]— MPTS Tp TR 


So the answer is (d). 

28. A vector of magnitude 10 units is in the south-east direction 
at inclination 37° with the x-axis, the vector representation of it 
with eastward as x-axis and northward as . y-axis (sin37°= ‘6, 

NEST cul > 
cos37°='8) is (a) 87 +6), (b) 67 +8), (67 —87, (d) 8i -6). 

Ans. (d). 

29. Rain water is falling vertically downwards with a velocity v. 
When the velocity of the wind is zero water is collected at a rate R. 


When the wind starts blowing horizontally at a speed u, the rate of 
collection of water in the same vessel is 


@ VPP R OTRO. OR 


Ans. In general R (rate of collection) = vAcos@ where 0 is the angle 
between the velocity of/rain and the normal to the cross-section 4 


of the vessel. 
R=y.Acos0°= A.v. 


When the wind blows, R'—v'.Acos0 where v' is the new velocity 
ofrain. Now v —4/U4-v' and cos0— — — —. 
Jv 

R'—R. 

So the answer is (d). 

30. The range of a projectile is maximum when the angle of 
projection is (a) 30?, (b) 90°, (c) 45°, (d) 60°, = 

Ans. (c). 


EXAMPLES 


Units-dimensions and Vectors 
1. Obtain the relation t L by the method of dimensions 


Sol. Let t=kl@g. Taking dimensions of both side 
T-L«LT*) or T-I^"T3. =. —2b=1 and abso mg 


& a=} and b——1. 


EN Experimentally, k=2n, ~. tan E 
"3 
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2. Show that p-Sp1E? where pisthe pressure, p is the density 
and Z is the energy of a bubble is of the dimension of time. 


Sol. We have [p8p E?]= (MLAT-5) (ML) (MLT-2)8 . 
= M -5/671/2:3/3 T 5/6-3/2+2/3 T+ 5/3—2/3 — MILT: = T 
3. Find the dimensions of the electric permittivity. 


Sol. The electric permittivity occurs in the formula 


22031 Vl DI 
ARCA 
zo BE. MLT-- l UT} 
Ser [d^ n 
or [e] 2 ML-T. Ans, 


4. If a particle moves 30° north of east with velocity 10 m/s, 
represent its velocity vectorially in a frame of reference having east- 
. ‘Ward direction as x-axis and northward direction as y-axis, 


Sol. x-component = 10cos30°= 103 =54/3 
and y-component = 10cos60°= 5, 
Y ESUdd s aes 


> a ^ mL ^ ^ 
5 Ifa =3i —4j and b =i —3j 


; What is the angle between 
the two vectors? , 


Sol. a.b = | a| | 5| cos0 = 5.4/ 10coso. 
Tc ^ ^ ^ ^ 
Also a.b —(3 i+4j). (i 37) 53.1-E(— 4(—3) — 15. 
SVl0cos0—15 or. 6—c05 3/4/10. Ans. 


6. A particle suffers three displacements by 4 m in the northward, 
2 m south-east and 1 m south-west. What is the displacement of the 
particle and what is the distance covered by it ? 


Sol. Taking a frame of reference having x-axis in the 


northward, we have "I AN 
55 2c0s45? į —2sin45? j and s, — — 2cos459 i —2sindso 7? 


> > > > => — Gs EH 
S hs 2j. 21 -y2j 
s —(4—24/2) f. 


eastward and y-axis in the 


C. y. H. PHY, (1)-2 
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15 | =4-2V2=117 m (northward). Ans. 
"Total distance described =44+2+1=7m. Ans. 


7. (a) The coordinates of the point P in a rectangular frame of 
reference are (—2, 4) and that of another point Q are (3, 5). Find 
the vector PO and OP. 


Sol. Let O be the origin of the frame of reference. Then 
E e ^ — ^ ^ 
QP-—-2i-4j and 0Q=37 45}. 


> > > > => ^ ^ ^ ^ ^d ch: 
FQ=P0+00=00-0P=(3 i 5f)-(-2 £447) 251 +3 


Ans. 
> > Os 
QP =—-PQ=-5i-j Ans. 
7. (b) Show that a. (b+ ¢)+6.(e+a)te.(a4 b) 
=2(4.8+6.¢+¢.2) 
> > > > > > > > 
Sola.(b+c)+b.(cta)+e.(a+ ) 
-> > > > -> — > > => — > > 
S bta.ct+b.c+b.atc.at+e.5 
-Xa.b4b.c- c.a) 
C^ a.b —b.a, Go OUEST and b.c — 2, b), 
8. Find the cross product of the 3 


vectors 2i 43 and 7 = Ti 
Sol. Writing the first 


vector in the full form, viz., 
27 +407 +3 K, we have 
m US 
axb-[2.0.3|-—3i-5j 42h. Ans. 
w T 


9. A train travels a distance 5 km in the north-east direction at a 
rate of 40 km/h and then a distance 5 km at the rate of 40 km/h in the 
south-east direction. What is 


s ] the average speed during the whole 

journey and what is the average velocity ? 
Sol. 'Total time of travel S45 —1 h. 
Total distance described— 5 km+5 km — 10 km, 
& Average speeds —40 km/h. Ans. 
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Take a frame of reference with x-axis in the eastward and y-axis 


- 
inthe northward direction. s, total displacement vector 
> => ^ ^ ^ 
—rpQ—rQ-—545i—0i-545i 
> i ^ 
< v >, avearage velocity =2V5* _20,/5 (BA 
1 


that is, average velocity is 20\/5 km/h to the east. 


> 


10. If a,b and c are the position vectors of three collinear 
points 4, B and C with respect to the origin O, show that 


> a > ^ — ^ ^. ` 
aXp=bxp =c X p Where p isthe unit vector along the line 
ACB. 


Sol. Draw perpendicular ON from O on ACB. Let n bethe 
unit vector along the normal to the 
plane OACBO. 


eA ^ 
Then ax p 
> ^ ^ 
=|a| |p| sinOAN n 
—04A sinOAN n (0) 
=ON n. Fig. 1.7 


=a > ^ ^ => a ^ 
Similarly, b x p 2ON n and c x p =0N n. 
me ^ —- ^ — ^ 
axp—-bxp-cxp. Proved. 
11. Forces P, Q act at a point O and have resultant R. If any 
transversal cuts their lines of action at 4, B and C, show that 


Sol. Take O to be the origin. (referto Fig. 1.7) Let z, Banda” 
be the position vectors of A, Band C respectively. Then the unit 
vectors along them are 


dera Mr: 

- b= s 

| OA OR OC 

De pig tue O SS Rea 
so that P =Pa= hs (0) Si) m is 
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Sine P+O=R, 


Taking cross-product with the unit vector (p) along ABC we have 
Pa ^ Q => ^ D R TA 
tie ra e er CERE: 
Since A, B and C are collinear, 
ms ^ > ^ > ^ 
axp=bxXp=cxXp (see the above example). 


Kinematics 


1. A car A is travelling on a straight level road with a uniform 
speed of 60 km/h. It is followed by another car B whichis moving 
with a speed of 70 km/h. When the distance between them is 2:5 km, 
the car B is given a deceleration of 20 km/h?. After what distance 
and time B catches up with A ? (I.I.T. 1966) 

Sol. Let us refer distances from the point where B is 
decelerated. Suppose the car B catches up with A in t hours. Then 
applying kinematic equations to the motion of 4 and B we have 

x—2:5-—60t 

and x=73t+4 (—20)t*. 

Solving we have t="5h and x=32:5 km. Ans. 


2. A body is projected vertically upwards from A, the top of à 
tower and reaches the ground in ^, seconds. .Ifitis projected verti- 
cally downwards from A with the same velocity, it reaches the ground 
in ta seconds. If it falls freely from rest at A, show that it would 
reach the ground in 4/f,£, seconds. 


Sol. Let us refer distances from the top of the tower, downward 
positive and upward negative. à 


Then h- —»f,-Figt? from the second kinematic equation; 
also — h—vsts4- 1gt? 

and — h-0.t--igt?, 

Eliminating h and v, from these equations we have t= y fs. 


3. A car starts moving rectilinearly, first with acceleration @ 
(the initial velocity is zero), then uniformly, and finally, decelerating 
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at the same rate a, comes to rest. The total time of motion equals t 
seconds and the total distance covered equals s. How long does the 
car move uniformly ? 


Sol. We have s,=4at,", s,— vt, where v is the velocity acquired 


by the car after f and tə is the time during which the car moves 
with oniforn velocity. We bave to find this ża. 


Obviously v— 0-ra fy. 
oes = atte 
$5 =Aty.ts— dats”. 


Since the car stops after ts, 0 =atı— at or t= fs. 


557 at? — dat? = fah. 


It is given that s—5,--54--55 = tat ahta tat — at;? Hatta 
and tathtletty=2h tt, (7 5-19) 
Taking the value of t, in terms of t from the last equation and 


putting in the equation above it we have 


2 +a t— ty 
Hence t= (e , asy . Ans. 
a 


4. Two trains start simultaneously towards each other from two 


stations A and B which are 480 km apart. Ifthe speeds of the two 
trains are 60 kph and 48 kph respectively, determine when the two 
trains meet after starting and at what distance from the station 4. 


LOIRT, WD. LIBRARY x,=x,=267 km. Ans. 
Date . 


Sol. Referring distances of both the trains from A we have 


one 60 forthe first train; 
dt 
Xs _ _ 4g for the second train, 


it is negative because it is travelling in the negative direction. 


Integrating, xı= 60t-+e, 
xg —48t+-c'. 
When t= = =480; eB T 3 
n t=0, x,-0 but xs $ ES 


<. c=0 and c' —480. 
5 x,=60r and x,4—480 — 48t. 


When the trains meet, Xi— Xs. 
. 60; — 480 — 48t or t-4$ h= 5h27 m. 


23.12.98 . 
ada 29 
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5. A balloon is ascending at a constant velocity of 10 ms- when a 
body is released from it. The body reaches the ground in 8 secs. 
Find height of the balloon when the body is released. Also find the 
greatest height of the body above the ground. 


Sol. Let us take a frame of reference at a height of the balloon 
when the body is released with vertical downward as y-axis and hori- 
zontalasx-axis. Applying the second kinematic equation (remember 
that the body will have the same initial velocity as the balloon) we have 

h=(—10).8-++19°8 x 82=253°6 m. Ans. 

Let the body go up by h’ above the x-axis of the frame 

0—102—2x(98)x(—A) or k'=51 m. 
The greatest height of the body 
—h--h'—253:6--5:11—258-7] m. Ans. 

6. The speed of a train increases at a constant rate a from zero 
to v and then remains constant for an interval and finally decreases 
to zero ata constant rate p. If/is the total distance decribed, prove 
that the total time taken is 


TEC irn 
cu Ga) 
At what value of v, the time of travel is the shortest? What is. 
the value of the shortest time ?, 


Sol. This problem is best solved graphically, noting that distance 
described is equal to the area bet- 
ween the v-t curve and the z-axis. 


Yi Let OABC represent the v-t graph. 
Draw AD and BE perpendicular on 
t A B the x-axis. 
5 3 a= acceleration - slope of OA 
SAD LUV 
D D' 
[6] tax 
Fig. 1.8 OD- Y. 
= 
B=retardation=slope of BC= BE __¥_ 
CEE. 
EC= > 
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l, distance described — area of the trapezium OABC 
—1(4B--OC)AD 
= I(AB-1)v where t= OC, total time of travel 
21 


or ABEDE UU 


t= OD+DE+EC= 245 42 -t 
a y 


M v ! 1 f 
or EXT. 5 (D Proved. 
dt I 1 1 
N —=——-+} (—+—)}, 
ow ds zu (4+t) 
1 
Ue c uen dt l ap 2op/ X3 
y e C — = = D - 
When ¢ is minimum, zm ndo e Dap imo (5 Ans 


tnin= 


(GE 3 

I aFB a+p_, /(a+p) 
Zapin t 5 ES 2, / GU. ans. 
a 


7. Two particles start simultaneously from two points 4 and-B 
with velocities 144 kph and 252 kph respectively in the same direc- 
tion along the line 4B and with accelerations 8 m/sec? and —4 m/sec? 
respectively. Show that the two particles meet twice. Find the 
timings of their meetings and the distances of their meeting. pcints 
from 4. AB—36 m. 

Sol. 144 kph=40 ms- and 252 kph — 70 ms, 

Let them meet at a distance x from A after time f. 

Then. x=40t+ 18:2 

x—36=701— 1422, 
Subtracting, 22—5t+6=0. Solving, ?—2 s or3 s. Ans. 
Putting the values of ¢ in either equation, 
x=96 mand 156 m. Ans. 

8. Two ships are 10 km apart on the west-east line at some 

instant, the first one steaming to the east at 30 kph and the second 


one steaming to the north at 40 kph. What is the closest approach 
between them and after what time from that instant ? 
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Sol. With reference to a frame eastward x-axis and northward 
> ^ > ^ 
y-axis, v, =30i and v =40). 


va (relative velocity of 2 relative to 1) 
— —> ^ ^ ^ ^ 
—Yy4—5,-40j —30i — —30 i --40 j. 


From the concept of rela- 

tive velocity 1 may be assumed 

pront to be fixed and 2 to be 
moving with velocity vector 


(—307 -407). This is a. 

vector of magnitude 50 and 

inclined at 0—tan-t $ The 
SHIPI (S X(easb 


shortest distance is obviously 
Oi SHIP? the perpendicular distance of 
Sie | the relative velocity vector 
Fig. 1.9 from the fixed position of 

ship 1. 
a'e Schoriest=S128in0 where Sj; is the initial distance between 1 
and 2 


=10.¢=8 km. Ans. 


1 (time of cloest approach) = 31:080. oxi 


y 30 =¢ hour. Ans. 
21 


9. Two particles move in a uniform gravitational field with an 
acceleration g. At the initial moment the particles were located at 
some: height above the ground at the same point and moved with 
velocities y, 2 3 ms and y, —-4 msi borizontally in opposite direc- 
tions. Find the distance between the particles at the moment when 
their velocity vectors become mutually perpendicular. 


' Sol. Let us take a frame of reference at the point of projection 
of the paticles with horizontal to the right as x-axis and vertical 


downward as y-axis. Let us designate the two particles as 4 and B. 
Then after time t, 


=> ^ ^ ^ ^ 
v=» i +gtj and Ys=—v i +gtj. 
— > 

Va» (relative velocity of A relative to B)=y,- » 


eT ^ ^ ^ ^ » 
or QXs-(ni-cgtj)-(—w i gt j) ov) 1 


Se Van =V Va. 
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> 


as 
Now .Ypc — VY +278, 


= > : + > 
When v, and vg are at right angles, va . Ys =Q. 


S0 —VyVe-+g22=0 or SALUS ; 
g 


Now, Sin=Van Xt 


Ja Pitra) MAN 2 8+4V3X 
IST n Ly, aua 1 VV 
ar FUA T g 98 
—2:5 m. Ans. 


10. A point moves along a straight line with deceleration which 
depends on the velocity as o— a4/v, where a is a constant. At the 
initial moment the velocity of the point is equal to vy. What 
distance does it traverse before it stops ? What time will it take to 
cover this distance ? 


Sol. We have a= -2 (negative because o is a deceleration). 


1 - D ean or a dt. 
Integrating, 24/v— —a t-ra'. 
Wien: ots 0 yy 2 /vy—à $ 
z. 2a/v=2/Vo— at 
or Vv à at 
or y vy—av/ Vo t--1a?t? 
or a yo —aA/ vo t 4- 3a*t2. 


Integrating, x =1yt— jay Vo +H 30? f9-E-xo. where xo is the cons- 
tant of integration. 
At t=0,x=0. .. x =0. 
SO X= vt zaV v, P24 350713, 


When the point stops, v=0. .;. O= /Vo= iat 


or (eR Ans. 
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í — —,2 3 
JA poc: yee = lays ( 2) +i a(n) 


8 
242 2029 S E2 2y 
=v? —— Vy tv =. Ans. 
a 0 0 0 3a 


11. A point travels along the x-axis with a velocity vz whick 
varies with time as shown in 
the figure. Assuming the 
coordinate of the point at 
x=0 at the moment :—0, 
draw the time dependence 
plots for the acceleration ag, 
the x coordinate. What is its 
displacement at t=7 s ? What 
is the distance covered by it in 


7 secs ? 
Fig. 1.10 
Sol. In the interval 0-1 s, 
dv; 1 
- =slope=— =1, 
ay di slope T 1 
In the interval 1-3 s, 
az= slope 0. 
In the interval 3-6 s, 
az; —slope- — 1, 
In the interval 6-7 s, 
d; — slope —2. 
Fig. 1.11 


The plot a; against t in the whole range is shown in the Fig. 
Inthe range 0-1s, 


dyz 
a 
tF V 
At t=0, y,=0. . Vo= 0, 
SY 
or ds or xe i 
d 0 
At t=0,x=0. .. x)=0. 
e X= Fe? 
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In the range 1-3 s, fe =0 or vz=a constant = 1. (from Fig. 1.10) 
dx 
PTT or x=t+Xo. 
At t=1, x=}.1?=ł4 (substituting in (i)] 
se 3=l+xo Or Xo=—$ 
x-t-i. SOC 1659)- 
In the range 3-6 s, 1 —i 
or Yg=—t+yv, (after integration). 
At t=3, v=1. .. 1=—3+V% .or w-4. <. w-4-t 
dx 
or 4t 
dt 
or x=4t—3t?+%o (after integration). 
At t=3, x=3—4=5 [substituting in (ii)] 
"n $243—413'-x, or X= —5. 
Soo x=4t—3f—5. UG 


In the range 6-7 s, ae = 2 


or vz=2t+və (after integration). 
At t=6, vz=—2. 2. —2=2xX6+% or v= —14. ^. v4-2t—-14 


dx 
: e*=21-14 
or a 2t 


or x=ft2—14t+x, (after integration). 
At t=6, x=4:6—1.62—5=1 [substituting in (iii)] 
s 1=62—14x6+%) or xy-49 
x-12—]4t--49. .. (ivy 


Fig. 1.12 


The displacement at 1=7 sec. is obtained from Eq. (iv) 
x=7—-14%7+49=0. Ans. 
The distance covered in 7 sec. is given by the area of the »,— 7 
graph, and is (neglecting — ve sign) i 
S=1X1X1+2x1+4X1X1+4X2x2+4Xx1%2=6 unit. Ans. 
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12. Three points are located at the vertices of an equilateral 
triangle whose sides equals a. They all start moving simulianeously 
with speed v, with the first point heading continually for the second, 
the second for third, and the third for the frst, How soon will the 
points meet ? 


Sol. The points will meet at the centroid of the triangle. 
Since each point keeps bearings towards the other point, 
each will be at the corners of 
gradually diminishing equilateral 
triangle (see figure), so they are all 
ultimately at the centroid of the 
original triangle. The velocity of 
each at any instant is along the 
tangent to the curves. The compo- 
nent of the velocity along the medians 
of the instantaneous equilateral 
triangle on which they lie is the 
: effective velocity towards the 
Eee) centroid of the triangles. This 


component velocity is ve0s30° "v3. 


The distance of each corner of the original triangle from the 


centroid => sec309 —- 4 


a 
Therefore, the time after Which they meet = S 


2 
w/3 3y Ans. 
2 


distance / from the highway. 


point C at a distance x 
from B on the highway. 
Let CD=x and AB=a. Then time of travel from A to B is given 
b La-x, Rx L4—-X,. n u—— 
y t EE UIN Sy (yia 
5 : 
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dt. ln. Voy yy tox 
D A 


dx 
nx 
YO / PP 
pear dt _ 
When ¢ is minimum, —=0. 
dx 
X 
l-.—H—, or P4x%=7n?x* Fig. 1.14 
Y wP 
or x= ————. Ans. 
A, n—i 


14. A point 4 moves uniformly with velocity v in such a way 
that the direction of its velocity continually points at another 
point B which in its turn moves along a straight line with uniform 
velocity u (u< v). At the initial moment u and v are at right angles 
and the points are separated by a distance. /. How soon will the 
point meet ? 

Sol. The point 4 moves towards B with the speed v at any instant, 
At the same time B moves away from 4 with the speed ucosa where 
a is the inclination of the line AB because ucosa is the component of 
the velocity of B along AB. Therefore, the distance AB reduces at 
the rate of (v—ucosa). The initial separation between 4 and B was 
l. This separation is decreased at this rate and is reduced to zero 
when they (A and B) meet. 

Let A and B meet after time t. Then obviously 


f a ES 
0 


Along OX, i.e., the line along 
which B moves the distance described 
by Bin time t is ut. Parallel to 
OX the velocity of -A is vcosa. 
Therefore, distance described by A 


T 
along OX isf vcosadt When they 


0 


T 
meet it is required that f vcosa dt 


be equal to ut. g Fig. 1.15 
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T 
kA f vcosa dt =ut Soc (8) 


0 


T 
or f cosa dt «1 as) TTD: 
y 
c 


(We cannot take cosa to be constant because a changes with time.) 


T T ', 
From (i), we have f v a-f ucosa dt= l 


0 


T 
or vul cosa dt — I. 


0 
Substituting the value of the integral from (iii), we have 


ut 
v—u.— =] 
y 


Or LET AM Ans. 
=u 


15. A shot is fired with a velocity u at a vertical wall whose 
distance from the point of projection is x. Prove that the greatest 
height above the level of the point of projection at which the bullet 
ut —g?x? 


can hit the wall i 
i wall is IT 


; Sol. Let 0 be the angle of projection. Applying kinematic equa- 
tions to the horizontal and vertical motion of the Shot, we have 
x=ucos9.t and /-usin0.t— igi, 


where A is the required height 


. 2 
or h=usind, —*___19,_* _ 
ucos8 u*cos?ü 
nes 
or h=xtane— B sec? 


lh x2 
à pree — 3g zx 2sechsecdtand 


2 
—xsec?ü— g 2; ec '0tang - xseeo(1 = uem). 
u? 
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When his maximum, do. 


2 
s. 1—&tane=0, or tano. 
ut & 


2 2 4 2 (2 2 
EO ina =x E ) Bc Em E 
ur NL D 2 g m 2g 


2ut—g?x*—u*  uí—g?x? 
£ -= SX". Proved. 


Or |mar=- - E 
ji 2wg 2u?g 


EXERCISE 
CRITICAL QUESTIONS 


1. The acceleration vector of a particle is a constant. The 
trajectory of the particle is (a) parabola, (b) an ellipse, (c) hyperbola, 
(d) a circle. 

2. The mod of acceleration vector of a particle is constant. The 
trajectory of the particle is (a) parabola, (b) an ellipse, (c) hyperbola, 
(d) a circle. 

3. A coin is allowed to fall in a moving train. What is the 
trajectory of the coin in a frame fixed to the train and to the frame 
fixed to the earth ? 

4. A black dot is made at the tip of an aerofoil of an aeroplane. 
What is the trajectory of the black dot as it appears to the pilot and 
to an observer on the ground ? 

5. Can you suggest a method to measure (a) thickness of the page 
of this book, (b) radius of the nucleous of an atom. 

6. What is the advantage of having atomic standards ? 

7. The ‘metre’ is defined in terms of wavelength of light emitted 
by (a) krypton, (b) cadmium, (c) calcium, (d) neon. 

8. Can a vector be zero if one of its components is not zero ? 

9. Does a scalar quantity depend on the frame of reference 
chosen ? 

10. We can order events in time such as past, present and future. 
Hence there is a sense oftime. Is time a vector therefore? If not 
why not ? i 

11. Is the frame of reference attached to the earth strictly 
inertial or noninertial ? 
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12. Is the vector product of two polar vectors axial or polar ? 
Give an example. 


13. The scalar product of two vectors is a scalar. True or 
false ? 
14. Dimensional methods can be used to connect any number of 


physical quantities which are guessed to be interconnected. True 
or false ? 


15. Average speed can mean the magnitude of the average 
velocity vector. Another meaning given to itis that the average speed 
is the tota! length of the path traversed divided by the elapsed time. 
Are these meanings different ? If so, give example. 


16 Cana body have zero velocity and still be accelerating ? Can 
a body have a constant speed and still have a varying velocity ? Can 
a body have a constant velocity and still have a varying speed ? 

17. Can an object have an eastward velocity while experiencing 
a westward acceleration ? 


OBJECTIVES QUESTIONS 


1. If in a system the force of attraction betweentwo point masses 
each of 1 kg situated at 1 km apart is taken as a unit force and is 
called ‘notwen’ (newton written in reverse order), then if 
G=6'67x 107*Nm?kg-? in SI, the relation of newton and notwen is 

(a) 1 notwen= 6:67 x 10-11 newton, (b) 1 newton= 6:67 x 10-1? 
notwen, (c) 1 notwen= 6:67 x 107" newton, (d) 1 newton = 6:67 x 10-12 
notwen. 

2. The dimensions of coefücient of 
(b) ML-T, (c) M°L°T-2, (d) MLTA, 

3. MDT-! Q? (Q is the dimension of charge) are the dimensions 


of (a) resistivity, (b) capacitance, (c) inductance, (d) potential 
difference. 


viscosity is (a) ML2T-2, 


4. LPT? are the dimensions of (a) specific latent heat, 
(b) momentum, (c) thermal conductivity, (d) specific heat capacity. 

5. The dimensions of e, in terms of M, L, T, Q (dimensions of 
charge) are (a) MLT-0-*, (b) MApAT-s 02, (© MAL-TQi 
(d) M>LT292, 

6. The dimensions of angular acceleration 


s are (a) MIT, 
(b) MWET, (c) ML, (d) ML-3T-2, 
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7. The coefficient of thermal conductivity is (a) MLT-K-!, 
(b) M?L-1T?K, (c) MLT?K3, (d) MLT-3X-2, 

8. A man standing on the edge of a cliff at some height above the 
ground below throws one ball | straight up with initial speed u and 
then throws another ball 2 straight down with the same initial speed. 
(a) Ball | has larger speed than ball 2 when they hit the ground, 
(b) ball 2 has larger speed than bali 1 when they hit the ground, 
(c) both hit the ground with the same speed. 

9. la the arrangement shown in the figure if v, and Ya are 
instantaneous velocities of masses 
m, and m respectively and angle — A 
ACB = 20 at that instant then 


g B 


(a) 0—cos-t pels 
Ya 


cog 2 
(b) 9=cos Aw" 


c) 6—tan-1. "t, (d) e—sin-i^, 
(c) Dye? (d) 5 


NUMERICAL QUESTIONS 


1. If in a system the force of attraction between two electrons 
1 m apart in vacuum is taken as unit force (call it a femton) and the 
charge on an electron is takea as unit charge (call it couleon), 
calculate the value of ej in this system. How many femtons equal 


a newton? Given that the value of e, in SI is , and the 


Mi: 4 
367X 10' 
value of electron charge is 1*6 x 1077? coulomb. 

\ 

2. Suppose that a man defines a unit of force as that which acts 
due to gravitation between two point masses each of 1 kg and 1 m 
apart, What would be the value of G, the constant of gravitation 
in this system ? What would be the value of a newton in this 
system? (Given that Gin SI=6°6x10-4) [JEE (W. Bengal) 1976] 

3. Consider energy, length, time and charge as bases and denote 
them by U, L, T and Q. Find the dimensions of (2) mass, (b) e 
and (c) resistance. 0 

4. Show by the method of dimensions that the energy per unit 
volume in an electric field of strength E is u= ieE?, 


C. Y. H. PH.-3 
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5. Show by the method of vectors that the line joining the 


midpoint of the hypotenuse of a right-angled triangle to the 90°- 
corner is half the hypotenuse. 


6. Show that the vectors 37447 —5k and i —2j —k are at 
right angles. 


— > > > > > 
7. Find the value of aso that 2 i --aj --k and 4i —2j —2k 
are perpendicular. 


8. Find the unit vector perpendicular to 2i--2j — k and 
> > 
6i—3j -+2k. 


— > 
9. If two concurrent forces be represented by nOP and mOQ 


respectively, prove that their resultant is given by (m+n) OR if R 
divides PQ such that nPR —mRQ.: 


10. Find the work done in moving a particle from the position 
vector T, =5i to Ta -2j +44 K by a force jy epi YES k. 

11. A stone is projected from the surface of a flat field with a 
speed of 20 ms and at an angle of 53:1? above the horizontal. Find 
the time of flight and the projectile range. 

(sin53:1?—0'8 and cos53:1°= 0:6.) 


(N. D. A. 1978) 
12. A ball is dropped from a balloon when it is 392 m above the 


ground and ascending at 9:8 ms; Find the time taken by the ball 
to hit the ground. (g=9:8 ms-?) 

13. Water drops from the roof of a bui 
drops fall at regular intervals of time, the 
floor at the instant the fourth drop begins to 
of the individual drops when a drop strikes t 


Iding 10m high, The 
first drop striking the 
fall. Find the positions 
he floor. 
14. A lead ball is dropped into a lake from a diving board 4:9 m 
above the water. It hits the water with a Certain velocity and sinks 
to the bottom with the same velocity acquired by it on reaching the 
surface of water. It reaches the bottom 5s after it is dropped. 
How deep is the lake ? Suppose all the water is drained from the 
lake. The ball is thrown from the diving board so that it again 
reaches the bottom in 5s. What is the initial speed of the ball ? 
15. An elevator car whose floor-to-ceiling distance is equal to 
2:7 m starts ascending with constant acceleration 1-2 ms-2, After 
2 s a loose bolt gets released from its ceiling. Find the bolt's free 
fall time and the distance covered by the bolt during the free fall in 
the frame of reference fixed to the elevator shaft. 
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16. Two bodies were thrown simultaneously from the same 
position; one, straight up, and the other, at an angle of 0— 60? to 
the horizontal. The initial velocity of each body is equal v—25 
ms. Neglecting the air drag, find the distance between the two 
bodies t — 1^7 s later. 


17. A point traversed half a circle of radius R during time 
interval t. Calculate the modulus of the mean vector of the total 
acceleration if the point moved with constant tangential acceleration, 


18. The position of a particle moving along the x-axis depends 
on the time according to the equation x — (372—123) m. At what time 
does the particle reach its maximum x-position ? What total length of 
path does the particle cover in the first 4s? What is the displace- 
ment during the first 4 s ? 


19. Each second a rabbit moves half the remaining distance from 
his nose to head of a lettuce. Does he ever get to the lettuce ? 
What is the limiting value of his average velocity? Draw graphs 

: showing his velocity and positions as the time increases, 


20. The two ends of a train moving with a constant acceleration 
pass a certain point with velocities u and v. What is the velocity 
with which the middle point of the train passes the same point ? 


21. A train moves from one 


7 g60r-------- 
‘station to another in two hours Ñ 
n P x40 

time. Its speed during the Ss ; 
motion is shown in the graph dds 

: D 
«(Fig. 1.17). 

OE tr payee 


Fig. 1.17 


Calculate : (i) maximum acceleration during the journey, 
(ii) distance covered during the ti e interval from 
0:75 to 1 hour. (I. I. T. 1965) 


22. The velocity of a particle 
varies with time as shown in the 
- figure 1:18. Plot a graph showing the 
displacement of the particle with 
time. Draw also a graph showing 
variation of velocity with displace- 
ment. What is the total distance 
- described by the particle in 8 s and 
what is the displacement at the end 
-of8s? Fig. 1.18 
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23. A balloon starts rising from rest with acceleration 4 ms~*. 
A stone is dropped from the balloon when it has gone up for 2 s. 
Calculate the time when it reaches the ground relative to an observer 
in the balloon and relative to an observer on the ground. Refer the 
time from the instant when the stone is dropped. 

24. A motor boat going downstream overcame a raft at a point 
A. After t=60 min it turned back and passes the raft at a distance 
1=6 km from the point A. Find the velocity of flow of the river 
assuming the duty of the engine constant. 


25. Two swimmers leave a point A on one bank of a river to 
reach a point B lying right across on the other bank. One of them 
crosses the river along the straight line AB while the other swims at 
Tight angles to the stream and then walks the distance that he has 
been carried away by the stream to get to the point B. What was 
the velocity u of walking if both swimmers reached simultaneously ? 
The stream velocity v, —2 kph and the velocity v' of each swimmer 
with respect to water equals 2:5 kph. 

26. Two bodies are thrown one after the other with the same 
velocity v from a high tower. The first body is thrown vertically 
upward, and the second one vertically downward after time +t, 
Determine the velocities of the bodies with respect to each other and 
the distance between them at the moment f x. 


27. 'Two steel balls freely drop on to an elastic plate*, the first is. 
dropped from a height of 44 cm and the second froma height 11 cm 
* seconds after the first one is allowed to fall. 
the velocities of the balls coincide in magnitude and direction. Find 
the time t and the interval during which the velocities of the two. 
balls remain the same. The balls do not collide. 


After a certain time 


28. Two intersecting straight lines move out parallel to themselves 
with the speeds v, and v». Calculate the speed of the point of inter- 
section of the lines if the angle between them is a, 


B 29. A launch travels across a 
river from a point 4 to a point B 
on the opposite bank along the 


straight line AB forming an angle a 


Á with the bank, The flag on the mast 
Fig. 1.19 of the launch makes an angle B with. 


*Elastic plate means that the steel balls rebound with the same speed. 


— . 
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its direction of motion. Determine the speed of the launch with 
respect to the bank. 

30. A man in a row boat must get 
from point 4 to point B onthe Ges HE 
opposite bank of the river (Fig. 
1.20. The distance BC=a. The b 
width of the river 4C=b. At what mos 
minimum speed u relative to the 
still water should the boat travel to A 
reach the point B? The velocity of T 
flow of the river is vo. Fig. 1.20 

31. A bus is running along a highway at a speed of v, —16 ms-!. 
A man is at distance a— 60 m from the highway and at a distance 
b=400 m from the bus. In what direction should the man run to 
reach any point of the highway at the same time as the bus or 
before ? The man can run at a speed ofv,—4ms^. Given that in 


(a :3:4 : 5 right-angled triangle’ the angles are 37° and 53°. 


32. The accelerator of a train can produce uniform acceleration 
0:25 ms-? and its brake can produce retardation 0'5 ms. What is 
the shortest time in which the train can travel between two stations 
8 km apart, if it stops at both stations? What is the maximum 
speed attained and for how long does the train move with uniform 
velocity ? 

33. Two ships 4 and B originally at a distance a=3 km from 
each other depart at the same time from a straight coast line. Ship 
A moves along a straight line perpendicular to the shore while ship B 
constantly heads for ship A with the same speed vo. After a suffici- 
ently long interval B. will obviously follow A maintaining a certain 
distance. Find this distance. 

34. At what angle to the horizon should a stone be thrown from 
a steep bank of a river so that it may fallinto the water as far as 
possible from the bank ? The height of the bank is A and the velocity 
of projection is v. Use this result to find the angle of projection for 
maximum range in a flat horizontal plane, 

35. Two bodies are thrown 
at the same time and with an 
equal velocity Vo at angles o4 
and a, to the horizon. What 
is the velocity with which the 
bodies move relative to each 
other ? What will the distance 
between the bodies be after 
time ¢ elapses ? Fig. 1.21 
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36. A particle is projected from a point A at an angle a. It passes- 
through a point B while travelling upwards in a direction making an 
angle ß to the horizontal. If 4B makes an angle 0 to the horizontal 
show that 2tan0— tana .4-tanf. 


37. A ball is to be thrown from the ground over a vertical wall of 
height A from a distance s. At what minimum initial velocity is this 
possible and at what angle to the horizon ? 


38. A ball freely falls froma height h onto an inclined plane 
forming an angle a with the horizon. Find the ratio of the successive 
ranges of the ball along the plane. Consider the impacts between 
the ball and the plane to be absolutely elastic. 


39. A dive-bomber moving at a speed V=360 kph at height 
h=2 km sights a target on the ground at a distance /— 4/5 km. from 


itself. At what angle to the horizon should it dive to hit the target ? 

(g=10 m/s). 

40. The current velocity of a river grows in proportion to the 
distance from its bank and reaches its maximum value v, in the 
middle. Near the banks the velocity is zero. A boat is so moving on 
the river that it is always perpendicular to the current; and the speed 
of the boat in still water is u. Find the distance through which the 
boat crossing the river will be carried away by the current if the 
width of the river isc. Also determine the trajectory of the boat. 


TEST YOURSELF 


1. (i) A river flowing from west to east at a s 


peed of 5 m/min. A 
man on the south bank of the river, 


capable of swimming at 10 
metres per minute in still water, wants to swim across the river in the 


shortest time. If the river is 1 km wide, the shortest time in which 
he can cross the river is (a) 1h 50 min, (b) 3 h 20 min, (c) 1 h 40 min, 
(d) 2 h 30 min. 


(ii) A car travels due east on a level road for 30 km. It then 
travels due north 40 km. The resultant vector displacement has a 
magnitude (a) 70 km, (b) 10 km, (c) 35 km, (d) 50 km. 


(iii) A steamer is sailing directly south at 25 kph. The wind 
velocity is 25 kph, blowing from west to east. A flag on the mast of 
the steamer will point to the direction (a) 45° east of north (b) 45° 
south of east, (c) 45° west of north, (d) 45° west of south to an 
observer on the deck of the steamer. 
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(iv) If a journey is made at a steady speed of 36 kph and the 
return trip over the same route at steady speed of 45 kph, the average 
speed for the round trip is (a) 40:5 kph, (b) 18/5 kph, (c) 40 kph, 
(d) 36 kph. d 

(s) If two particles are projected with the same velocity, one 
vertically upward and the other vertically dowaward from the top of 
a tower (a) they hit the ground simultaneously, with different 
velocities, (b) they hit the ground simultaneously with the same 
velocity, (c) they hit the ground at different instants with different 
velocities, (d) they hit the ground on different instants with the same 
velocity. 

(vi) The dimensions of impulse of a force is 

(a) MLT=, (b MLT=, (c) ML3T-, (d) M*L-T. 

(vii) If newton is redefined as the force of attraction between two 
unit masses (each of 1 kg) 1 metre apart, the value of G is (a) 10 
newton kg-? m?, (b) 1 newton kg? m-?, (c) 1 newton kg-?m?, (d) 100 
newton kg-? m?. 

(viii) A stone is dropped from a balloon rising with acceleration 
a, the acceleration of the stone relative to the balloon is (a) g down- 
ward, (b) g--a downward, (c) g—a upward, (d) g--a upward, 
(e) z—a downward. 

(ix) Two lines AB and CD 


intersect at O at inclina- A Vie D 

tion a. If they move out 

parallel to themselves with o 

speed v, the speed of O is 

(a) v, (b) 2w (c) »cose, el j bus D 

(d) vcoseca/2. B 
Fig. 1.22 


(x) A point traverses quarter of a circle of radius R during the 
time interval t. The modulus of the average velocity vector during the 


A/2R . (à) nR f 
T 4t 


interval is (a) zero, (b) EIS 


t 
marks 3x10 —30 

2. Answer the following questions : 
(i) Match the physical quantities given in column I with dimen- 


sions in column II. 5x2—10 
I I 
Angular momentum MLT-KA 
Torque ML-T 
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J IJ 
Pressure M E R 
Conductivity M. Lan T Q 
Electromotive force MET- 


(ii) Fill up the gaps— , 
(a) A second is the time taken by 9192631770 cycles of the radia- 
tion from the hyperfine transition of...... when unperturbed by 
external fields. 1 
(b) A metre is defined as 1650763:73 of wavelengths, in vacuo of 
the orange light emitted by......in transition from....to.. dos 2 
(c) An area can be treated as a vector of modulus equal to the.. 
-.and of direction along the... .. 2 
(iii) (a) Angular velocity is a polar vector. True or false ? 1 
(b) Two bails of different masses are thrown vertically upward 
with the same speed. They pass through the point of projection in 
their downward motion with the same speed. True or false ? Neglect 


air resistance. 2 
(c) Dimensions are very useful in checking the final results of a 
problem. True or false ? 2 
Answer any five of the following. 5x10—50 


3. The displacement of a particle moving in one dimension under 

the action of a force is related to the time by the equation 
t= A/x--3 

where x is in metres and z is in seconds. Find the displacement of 
the particle when its velocity is zero. (MIT 1979) 

4. A particle starts from Test and traverses a distance 's' with a 
uniform acceleration and then moves uniformly with th 
acquired v, over a further distance "2s". Finally it comes to 
moving through a distance ‘35° with uniform retardation, 
that the entire path is a Straight line, find the average s 
the entire journey. 


5. A ball falls under gravity from a height of 10 m, with an initial 
downward velocity vy. It collides with the ground, loses 50% of its 
energy in collision, and then rises back to the same height. Find 
(i) the initial velocity vp and (ii) the height to which the ball would 


rise, after collision, if the initial velocity v, was directed upward, 


instead of downward, (IIT 1979) 

6. A particle with an initial velocity v, in a plane is, subjected to 
a constant acceleration in the same Plane. Show that in general the 
path of the particle is a parabola. (BIT, Mesra 1983) 


e velocity 
rest after 
Assuming 
peed over 
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7. A rocket is fired vertically from the ground with a resultant 
vertical acceleration of 10 ms-?. The fuel is finished in 1 minute and 


it continues to move up. What is the maximum height reached ? 
(IIT 1975) 


8. The velocity of a particle moving in the positive direction of 
the x-axis varies as v—o4/x, where a is a positive constant. Assum- 
ing at £—0, v=0, find 

(a) the time dependence of the velocity and the acceleration, (b) 
the mean velocity of the particle averaged over the time that the 
particle takes to cover the first s metres of the path. 

9. (a) A point moves in the xy plane according to the law 
x=asinot, y=a(1—cosot), where a and œ are positive constants, 
Find the distance traversed by the point during the time v. 

(b) A man stands on the steep shore of a lake and pulls a boat in 
the water by a rope which he takes up at a constant speed v. What 
will the speed of the boat be at the moment when the angle between 
the rope and the surface of the water is « ? 


Answers of Exercises 


For critical questions and objectives, see solutions. 
1. 43x 1027, 2, 1 notwen x m*xkg-?; 1 newtons 1'5 X 10% notwen, 
3. (a) UL3T?, (b) U3L3Q* (c) UTQ^. 


> > => 
1—10j —18K 49 —16 units, 


a=, 8. = 
54/17 

11. 3:265; 39°12 m. 12. 10 s. 

13. 0, 1'11 m, 4:44 m and 16 m. 14. 49 m; 13-7 m/s. 

15. 7572m. 16. 21°6 m. 17. pas 

18. 25; 24 m; —16 m. 19. sec solution. 


20. J 21. 160 km/h?; l0 km. — 22. 16m; 0. 


23. 235; 2:3 s. 24. 3 km/h. 25. 3 km/h. 
26. 25—27, (25 — gt — ntt $222. 27. "3s. 
28. a/v? - v? 2-2v,v4cosa coseca, 

usin(a--B— 2/2) 30. u.— he 
vm TR sinp n j ayaa 
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31. see the solution. 32. 5 min 10 s; 186 km/h. 


a +a 
33. a2. 34. tan 1— — — , 455. — 352o 2. 


37. Fa pts, Umtn = (| sie VR. 
SS Sh EAS SAAR bea Ido) ee 
39.45. 40, L 2. 


Answers of Test Questions 


1. (i). c. (ii). d, (ii). a, (iv). c, (V). d, (vi). b, 
(vii). e, (viii). b, (ix). d, (X) gc: 
2. see solution. 3. 0. 4. 8v 5. 14 m/s. 


S 
7.364km. 8. (a) i5; ła; — (b) 2 


9. (a) aot, (b) co 


Solutions and Hints to Exercises 


CRITICAL QUESTIONS 


1. (a). Example, a body fallin 
2. (d). 
3. A vertical straight line 


g freely under gravity. 


path relative to the frame fixed to the 
train and a parabolic path relative to the frame fixed to the earth. 

4. Acircular path relative to the pilot and a helical path relative? 
to the observer fixed to the eartb, 

5. (a) Micrometer Screw gauge, (b) a-ray Scattering. 

6. The atomic standards have the advantage of ‘invariability’ with 
Tespect to time and space. 


7. (a). 

8. A vector cannot be Zero if one of its components is not zero. 

9. No. A scalar quantity does not depend on the frame of 
reference, 


10. Time is not a vector thou, 


: gh it may have a sense because in 
order to be a vector it must add 


and subtract by vector algebra rules. 
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The times do not add or subtract by vector algebra rules. So it is not 
a vector. 

11. It is noninertial because the earth is rotating about its axis. 
So a frame attached to its surface will have centripetal acceleration 
and it is an accelerated, that is, noninertial frame. 


> 


12. Axial, for example o=r avs 

13. True. 

14. False. Only four quantities can be connected by the method 
of dimensions. 

15. The meanings are different. The point can be made clear by 
considering the motion of a particle along a circle. Let a particle 
describe half of a circle of radius R in time 7. 

<v> =average velocity vector = RI aR -27 


2R 


T 


ESE 


wR 
<v> =average speed= = 


Obviously <y># | < y > |, that is, average speed as the 
modulus of the average velocity vector is not the same as the average 
speed defined as the total length of the path traversed divided by the 
elapsed time. 

16. Yes, for example a particle in SHM at the extreme position 
has zero velocity but its acceleration is maximum. 

Yes, a particle in circular motion has constant speed but varying 
velocity. No, a body cannot have a constant velocity but still having 
a varying speed. 

17. No,a body cannot have eastward velocity and westward 
acceleration. 


OBJECTIVE QUESTIONS 


1. (c). It is like this : 1 notwen=G 1 kext kg 
1 km? 


or G —105 notwen m? kg 
—6:67 x 10-11 newton m? kg-2 
.. 108 notwen- 6:67 x 107 newton 
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or 1 notwen=6°67 x 1077 newton, 

So the answer is (c). 

2. (b). 

3. (a). 

4. (8). 

5. (c). 

6, (b). 

7. (a). 

8. (c) The two bodies will start their downward journey from the 
edge of the cliff with the same speed and so they hit the ground with 
the same speed. 


9. (b). It is like this: Let OC=x and the length of the string 
from B to m, is y and AB —2a. 


Then 24/ a?--x?--y-—a constant because length of the string is 
fixed. 


AT Um. MED 
Differentiating, 2x 1(a?--x?) ?*2xx--y — 0 
2x : . 
or —— ——. x,--y4—- 0 C^ x=v and yov 
A/at--x? 
OT 2cos0v,— — Ys. 
The minus sign shows that v, is opposite to ys. 
^ 2cos0xXv»,—v, (numerically) 
Y, 
or cos0——?., 
29i 
NUMERICAL QUESTIONS 
1. The force of attraction is given by 
Ap vede 


2 
4neg r 


1 femton— —| y | couleon x 1 couleon 
REg (i m} 


1 
Scu couleon? m= femton Ans. 


: m y (06x 122192 
In SL AH=9% 100% mg =9 X256 x10- newton 


1 femton =9 X 2:56 x 10? newton 
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jl 
9x2:56x 10° 


2. Let us call the new unit of force *notwen' then 


or lnewton— —43x10? femton. Ans. 


_qaikgxikg 
1 notwen=G ^ EON 
or G-1notwenxm?xkg-^. Ans. 


1 x i - newton 


In SI, AF-6:6x 1071— 
6°6 x 1034 newton=1 notwen 
or lnewton-l:5x10! notwen. Ans. 
3. (a) We have, energy — force x distance 
[energy] _ yy 
[distance] - 
Now force = mass x acceleration 
[force] [mass] x [acceleration] 
or UL“ =[mass] x LT? 
[mass]= UL-T?. Ans. 
(b) Wehave, AF- = 4i. 


dre — 1? 


[force] = 


[e]-- e -- U3LAQ* Ans. 


(c) We have, | H—PRt 
(Heat produced — current? x resistance X time) 
- oleh — iy ad . charge ) 
[R] TTET UTT ( 4 current = EEG 
—UTQ-. Ans. 
4. Suppose u= ke* Et. 
Let us take energy, length, time and charge as base quantities. 


Dimension of u— energy . UL, 
volume 
Dimension of e«=U7L> 0’. 


potential difference _ UQ 


imension of E= —— = ULQ- 
Dimension distance L UE 
í potential difference = Work done 
\ ( charge 
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UL = ( UA]aA Q*9(ULA Q3)» = U-atby-a-b Qa, 
a+b=1; —a—b=—3 and 2a—b=0 
or b=1+a; a+b=3 and 2a-b 
or a=1, b=2. 
JS u-keE?-keE?, 
Experimentally, k=2, 
"n u-icE?, 


5. Let ABC be the triangle right angled at 4. Take 4 as origin 
and AB and AC as x and y axis. 


Let a and b be the lengths of AB and AC. 


Then AC—4/ a*--b* and the co-ordinates of B and C are (a, 0) 
and (0, b). Therefore, co-ordinates of the mid point M are 


— Jat pa 1 Lb 
AM= ata = Va +0°=4AC. Proved. 


6. Let us consider ‘dot product’ of the vectors 


(37+47 5k). (7-27 -K)=3-845~=9 


cos0—-0 (+ a. b —abcoso) 


or o> Proved. 


7. Let us consider dot Product of the two vectors. Since the two 
‘vectors are at right angles, coso=0. 


(27 aj 4- K) (41 -2j -2kK)-0. 
8—2a—-2—0, or 4—3. Ans. 
8. Theunit vector along the cross-product is the 


unit vector perp. 
x 
to the given vector. Let 4 be their cross 


“product. Then 


es ee lel Oars Me 
6-3 2 
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A 
a= Ans. 


a i-10j-18K 7-107 -18 k 

4 Vi2+102+182 54/17 

9. By triangle law of vector addition, 
OP=OR+RP or nOP-nOR--nRP 

and OQ =OR -L RO or mod = mOR--mRQ. 

Adding — nOP--mOQ — (m--n)OR--nRP--mRQ. 
i Ty nOP--mOQ —(m--n)OR (given), 
nRP--mRO=0 


or nRPa +mROQ(— a)=0 where 4 is the unit vector along PQ 
or nRP=mRQ 


or Rone: Proved. 
10. Work done is given by 
W-F.S. 


NN 


Here, 


i 


W= ON (- 57427 +48) 
=— 16 units. Ans. 


11. Considering horizontal and vertical motion we have 
x-—20cos53:1Xx t — 12t 


and 0—20sin33:1Xx t—1gt* or 16=igt 
S2: 

Or t= -5g 3265. Ans. 

and x—-12x326—39:]12m. Ans. 


12. Fix up a frame at a height 392 m above the earth with hori- 


zontal direction as x-axis and downward vertical as y-axis. 


392=(—9°8)r-+4x9'8/? or £2—2:—80; 
t=10s. Ans. 
13. Let t be the time to reach the ground. 
Then 10—0.£--$X9:8x?5, or 1=10s, 
If « is the interval between two successive drops then 
3r—3$ or «—19s 
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Let h, and hg be the distances of the third and second drop from 
the roof. Then 
hiı=}4X98 x(19)=i11 m 
and ha=} X 98(32)* 4:44 m. 
So the drops are at distance 0, 1-11 m, 4:44 m and 10 m from the 
roof. Ans. 
i4. We have y'—0—2x9:8x49 
or v=2%49=9°8 m/s. 
Depth of the lake =9:8 x5=49-0 m. Ans. 
Total height ~4:9+49-0=53-9 m. 
53:9 = 1X5} X98 xX 52 
Y= —13'7 m/s. Ans. 
The minus sign shows that it is to be thrown upwards, 
15. The velocity of the car and bolt after 2 s 
=0x2+$x12x2?=2'4 m/s. (upward) 
Initial relative velocity of the bolt=0. 
Relative acceleration of the bolt =g—(—a)=g+a=9-84-1-2 
=11°0 m/s*. (downward) 
Relative distance covered —2:7 m (downward). 
6 27=0xt+ixIlxt2, or t="7s. Ans. 
The absolute velocity of the bolt — 2:4 m/s. (upward) 
Absolute acceleration —g —9:8 m/s?, (downward) 
h-(—2:4)X 1--1x9:8x"7*—"72 m. Ans. 
16. Let us fiix up a frame of reference fixed to the earth, 
Obviously, x,—0 
31—25X UT-E$( -98)X L75—42:5—14-2.-28:3 m. 
For the second particle 
Xy 2500860? x 1°5— 25 4:5 1-7=21°3 m. 
Ja 25sin60? x 1:74. 1(—9:8) x 1:72—24:6 m. 
Now S=V Qs -x) 1, 5) = VII (4:6 —28°3)2 
or S=/453'7+13°7=21°6 m. Ans. 


17. Let w and v; be the final and initial velocity modulus of the 
particle. Then 


Cr E ev 


E 
« a 7 (average total acceleration vector) = MY 
T 


* 7 
au D-n j 
T 
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m ik 
or <a>=— (etw); 
T 
Ln yet. y, 
| <a> {ser , 


T 


„Since the tangential acceleration is a constant, velocity increases 
uniformly from » to v. Hence the average speed during the 
interval 


or Vt-l-Y, ES 
T 
<a>|= ak Ans. 
T 
18. We have x=37?— 73, 
dX 64392 
dt 
A: Hu dx 
X is maximum when a? 


6:1—35—0 or t=2s. Ans. 
Xmaz3.27—295—12—8—4 m. 
So in the first 2 seconds the pariticle covers 4 m in the -hye 
direction, that is, to the right. 
At 1—4, x-—3.4?—45—48—64— —16 m. 


Thus in the next 2 seconds covers 4 m to the left from the extreme 
right position and comes to the initial position and goes to the left 
of the origin by 16 m. 


Total distance covered 24--4--16 —24 m. Ans. 
The displacement of the particle is given by x. 
xin4s=—16m. Ans. 


19. He will never reach the lettuce, Let us take the lettuce as the 
reference and let x, be the initial distance of the rabbit from the 


lettuce. After 1 second it is at a distance x=, after 2 secondsit is 


at a distance x=, after 3 seconds it is at distance x=% and so 


on. 
C. Y. H. PHY.-4 
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Fig, 1.22 Fig 1.23 


Ande 
The velocity of a body is the slope of x-t plot, that is, d It 


is seen clearly from x-t plot that distance of the rabbit from the 
lettuce is never zero. 


20. Since the train is a rigid body, every point of it possesses ihe 
same instantaneous velocity and so we may say that a particle has its 
velccity increased from u to v with a distance equal to the length ‘? 
of the train. 


: y?*—u?*- 2al. 
Let the same particle have its velocity increased from vw to v' 
mRNA 
within —, 
2 


Eliminating a and b we have 


v2 —u2 wv 
Lu ZE on w= d gru Ro 
y?—u? 


21. The maximum acceleration is the maximum slope. The BC 
part of the plot has got the maximum slope and hence its slope gives 
the'maximum acceleration. 

60—20 40 


. i {Of =e eee 2 
. Maximum acceleration 1—5^ 25 160 km/h?. Ans. 


Distance covered — area of the plot from 0:75 to 1 hour 
—4(204-60)x-25 [Formula : area of trapezium 


= i(a-4-b)h] 
=10km. Ans. 
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22. We have az= ae = -4 — —] (Negative because the incli- 
nation of the line is greater than 90° and hence slope which istan8 
is —ve) 

or dv,— —dt, or vz=—t-+v (say). 

At t=0, v,—-4 mjs; 2. 4-w. 

4 Ve=4—t. 

dx 
L-4—t 
dt 
or x=4t—3+2x. 
| At1—0, x=0. 7 x0 
3 so x-4r-dp. 


This equation gives variation of 
displacement with time. 


We dx _ 


Now, dt =-l, or d sd 
dy; ( dx 
or Y, =-1 Wy. Es 
7 ax dt ") 
or vzdvz= — dx. 
Integrating, iv,?— — x--c' 


(a constant), 
Or vz2=—2x+e (say). 
When x= 0, »;—4; 


i l6-e 
Vz?= 16 — 2x. 
This equation gives variation of 
velocity with distance. pm. 
The total distance covered - 8 m SS 
(forward)--8 m (backward)— 16 m. 
Ans. Fig. 1.25 


Displacement at the end of 8 s=4x8—3x8?=0. Ans. 
23. The height of the balloon at the time of dropping the stone 
—0x2--1x4x2?—8 m. 
Velocity of the balloon —0--4.2— 8 m/s (upward). 
Relative inital velocity of the stone=8—8=0. 
Relative acceleration of the stone=g—(—a)=¢+a=9:844 
=13°8 m/s? (downward). 
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Relative displacement =8-+(8t+-2¢*). 
8--81--21?— 0x t-- 1x 13:80? 
or 49:2—8t—8—0, or t=2°3s. Ans. 
Absolute initial velocity (that is, velocity relative to the ground) 
=8 m/s (upward). 
Absolute acceleration=9°8 m/s? (downward). 
Absolute displacement — 8 m. 
8= —81-4- 1x98 
or 1—23:8. ns. 


24. Let u be the velocity of the river water and v be the velocity 
of the boat. Hence velocity of the boat down the stream is (u-++y) 


and up the stream (v—u). The velocity of the raft is same as that 
of the river. 


Let them meet at a point B beyond A and O is the turning point 
of the boat. 


Then AO — (u4- Y) 
AB-—lI-u(t--x) where t is the time of travel of the boat 
from O to B. 


and OB= 0-1-0-0 -)-2 -10-1 
u 


But 40 - AB--BO - P — 1. (yu) 


or (ud) P (vu) 
Or sub vru-a)- P. 
or yen 
u 
or u- x^ Ade km/h. Ans. 


25. Let the first swimmer start at angle 0 with the direction 
perpendicular to the river. 


Then sing= 0, 
y 


The effective velocity along AB=y'coso= V v=. 
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Time to cross the river by the first swimmer= 


3 M oy yg 
where / is the width of the river. 


Time to cross the river by the second swimmer = 2 
v 
The distance by which he is drifted beyond B= v, x IE 
v 
If u is the speed of walking of the second swimmer, then time to 


walk back to B along the other bank is E / u. 


Since they reach simultaneously, 


Yo 2 


(en Col RARE, 
(exp CN 

n The time of flight of the first is ? and that of the second 
is (t—7). 


—3 km/h. Ans. 


y1— Y —8t (upward) 
Ve=Vo+g(t—t) (downward). 
wi. Yı (relative velocity of 1 relative to 2) = v; — (— Va) = v1- Va 
or Vyg=2¥y—gt. Ans. 
Now x,=vot—ig:? (upward). 
Xg=v,(t—t)-+-#g(t—t)? (downward). 
aye Xig = X4 — (— Xa) =X 4-32 = Vo(2t—t)+ $8 (0 — Qtr 12 — 12) 
or Xig— Wot — t — gtr- 120 
Or.  Xigc(Q«—8:)t— v«--388v. Ans. 


27. The time during which ball 1 falls is f, — / 2h 
g 


yf Ey 
d 98 =03 s, 


The velocity equired by it on reaching the ground is 
y, —gt—9:8x 3—2:94 m/s (downward). 


54 COACHING AT YOUR HOMB PHYSICS 


Immediately after collision the velocity becomes 2:94 m/s (upward). 
The process is repeated as the collision is elastic. This is shown 
in the graph. 


Fig. 1.26 


The velocity of ball 2 on reaching the ground — v, (say). 
Now  v—4/2glt 


ER e 
W-V2gh; i NEA EV zi 
1 1 


y 
or ce 
Ya 2 
If ball 2 is dropped exactly after *3 seconds, the velocity of it will 
change exactly in the same way (shown by dotted curve) and the two 
will have identical velocities during the interval 0:3 s. Ans. 


28. Let the lines intersect at O at the initial moment and then at 
O” after a short time ¢. Draw per- 
pendiculars ON and OM on the dis- 
placed positions of the line. Then 
N=vt; OM = vot 
and OO'=yt. 
Obviously OO’ is the diagonal 
of the parallelogram OEO'F. 
OE — ONcoseca = v,tcoseca 
OF=OMcoseca = vstcoseca, 


^. O0' = A/OE*-- OF?--29 EO Fcosa 
or v= (V v +v -2vv.cosa)coseca. 

Ans. 
29. The flag on a ship flies along the direction of the wind 


relative to the ship. Therefore, p is the angle made by the relative 
velocity of the wind relative to the ship. 


Let us take direction of river flow as x-axis and the line per- 
pendicular to it as y-axis, 


Fig. 1.27 
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2 Se 
Then u =uj 
= 
and v (velocity of BUDE. vcosa i 7 +ysina de 
ES > > 
a. Uwind-shtp= M — » = — ycosa i 7 +(u—vsina) J- 
s. tan(a+p)= u—vsina 
—vcosa 
or — ytan(a-4-B)cosa— u — vsina 


or v(sina —cosatana+fp)=u, or  —vsinp— ucos(o.-- p) 
.. —ucos(a-FB) _usio(«+8B— 7/2) 


Ans. 
sinf sing us 


or 


b 
Jf 2+? 
To reach the point B the resultant velocity must be along AB. 
Take the river bank as x-axis and the line perp. to it as y-axis. 


30. Let ACAB bea. Then cosa= 


Then iex =V i 
Let the boat start at angle p with the river bank. 


A EG Artes 
Then Upoat=UcosB i -J- usinp j. 


» (resultant velocity of boat) =(v)--ucosp) i- -+usinß 0" 


usin usin| 

<. tan(n/2—a)— Levon or cota= dsn p a 
Yg-l- ucosp VoH ucosp 

or yocota.-l- ucospcota = usinf. 


Differentiating, we have 


0--cota (Foss using ) ) = Fsinp +-ueosp. 


When u is minimum, Hao. 


4.  —ucotaesinf —ucosp 
or Cota— —cotp, or tana=—tanp 
or tan(x—a)-—tanB, or o+fp=n. 
If uo be the minimum value of u then 

cota= — PoSin(n — a) 
Yo--gcos(x —a). 
or VgCOSa — t, Cos?a =u sin a 
Or Ug = VoCOSa, 
vob 

or Le c . Ans. 
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31. Let the man start running at angle 9 with the initial line 4B 

joining him with the bus and 

BUS yy, O D meet the bus at D on the road. 
Then ZABD=0 

and Z DAB — o (known) 


=sin 4, 
B(MAN) Obviously, 
Fig. 1.28 AD=y,t3 BD= Volos 
From ‘sine property’ of the triangle ADB, 
AD_ BD 
sin0 sina” 
Yili _ Vale , or sino = ^ sing ia 
sin0 sina Vota Veto b 
or A Ya MO -Sin8. 
te Vy 
According to the condition t, >t. or 2 21 
or sing > , 
bva 
But an 4:60. 16.6 
bva 400 4 j 
sin0z '6. 


Hence 0 may be any angle between 37? and 143°, 

So the man should run either at 37? or 143? with the initial line 
joining him with the bus to reach simultaneously on the road or at 
any angle between 37? and 143? to reach earlier on the road. 


32. See example 15. tmin Mi 
2a 


VERE 2p] 
maz =| —— 
«Ff, 


(25---5)8x 103 


Imtn —2 2x 25568 =310s=5 min. 10s. Ans. 


a cleo. Pads 
PEREPRETPEU) 
Te: m ee AXIO L 51-6 m/s= 186 km/h. Ans. 


ww 
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33. See example 22. Here A and B are the two ships. The 
distance between ships reduces at the rate of v,(1— cosa). The speed 
of the projection of A on OX is v,cosa. Hence the speed of B 
relative to C is vy —v,cosa— v(1 — cosa). Thus BC increases at the 
rate of wy(1— cosa). Since the rate of increase of BC is the same as 
the rate of decrease of AB, the sum (4B--BC) remains constant as 
the ships move. In the beginning AB=a and BC=0 and at the end 
AB-— BC —distance between A and B (A now merges with C). 

<. a+0=AB+BC 


a 
Or AB= DE Ans. 


34. Let us fix up the frame of reference at the bank of the river 
with vertical upward as y-axis and the horizontal as x-axis. 


Then s=vycosét where 0 is the angle of projection with the 


horizontal. 
and — h= vsin0t-- (— g)t? 
^ $ 2 ge 
o —h=ysindx — — — $8. —— 
5 h=vsine x i * costo 
or —h-stan0— i g scc? 


—stan0— 1 0 -+-tan*e) 


or 1 | 85" tan%0—stand—h-+}3 85 0 
2 y? Y 
or tan?0—2 sous (1-24 )=0 
a SANG 
or tan +,/ X dum = d 
gis gs* 


This expression me a meaning if 


or S< L- MEUS 
8^ L4 
or s< v y*--2gh 


e Sas = V y*--2gh. 


58 COACHING AT YOUR HOME PHYSICS 


Putting this condition in the expression for tang we have for 
maximum range 


y2 v 
tan6= =a 
S$maz 4/ y2+-2gh 
y 
QcstanzH——— — 40$ 
M v+2gh 
When 5—0,0—tan^1--45?. Ans. 
E = MEC 
35. Y, = WgCosa, i -+ vosina, j 
and Va = — vgCOSdg i + Vgsinas j 


m ch d A = 
420 Vyg= Vo(COSay+COSag) i. + v (sina, — sinas) j. 


El m A Hs Dh ADEQRES 
| v12 | = voy (cosa, -+ cosas)?4- (sina, — sinas)? 


= vo V 2+ 2cos(a,+ ae) =» / 4cos? rts 


= 2ucostt Te" . Ans. 


Sis (distance between 1 and 2)= | Vie | Xr 


or S14— 2v: cos 


atar Ans 
Ds : 


36. Let x, y be the co-ordinates of B. Then tano= 2., 
x 
X= ucosat 
y=usinat — 1gt? 
uz (x-component of velocity at B) 
=ucosa 


uy (y-component of velocity at B) 
=usina— gt. 
tanp=“v —4sina— gt 
Uz  ucoOsa 
Fig. 1.29 =tana—— 8f (i) 
ucoso 
i Es 2 
and tang esne Sing sy i 
ucOsat * "ucosa 
Or 2tanü—2tang— £f .— ox) 


a 
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Subtracting (i) from (ii), 
2tan0 — tanp =2tana—tana 
Or 2tan0—tana--tanf. Proved. 


37. We have for horizontal and vertical motion of the ball, 
s=ucosat and h=usina.t—}gt. 
Eliminating t we have 


fe o pe gs? 


h=stana—} 
? icos*a’ 2cos*a(stana — M) 


2 
or ates BE Delt SAY 
E (ssin2a — hcos2a — h) 


Obviously u is minimum when (ssin2a—/Acos2a0—h) is maximum, 


that is, 4 (ssin2a — licos2u— 1) 0 
or 2scos2a 4-2/isin2a — 0. 
or tan2a— m or tan(n—2a) = 
h h 
or =1( n— tan-1 = ) 
a (> an h 
or a= 5 —jtan3 P Ans. 


Since 2a is a second quadrant angle, sin2a is positive and cos2a 
is negative. 


sin2a = S and cos2a= dcs 
ves Veh 
gs? gs? 
ULT — hp ae memet 
Eh VR+S—h 


=g(h+ yks). 
umn= V Eh -V EPS). Ans. 
38. The ball will be projected with velocity u= 4/ 2gh at an angle 


(2-2) with the plane. 
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Let us take the plane as 
x-axis and perpendicular to it 
as y-axis. Then acceleration 
along the plane is (gsina) and 
that perpendicular to it is 
(gcosa). 


S,— usinat --3gsinaf? 
and — 0—ucosat-- i(— gcosa)? 
(as there is no displacement 
along y-axis in time f) 


Or t= 2u 
Fig, 1.30 g 
LH 2 Au?si 
and Sis 2w'sina +igsina. au ee SUES 
g" g 
Or S,=8hsina (^ u?=2gh). 


At the second impact at B, 
velocity along the plane = usina+-gsinat 


= 3usina (s = 2) 
g 


velocity perp. to the plane = ucosa-4- (— gcosa)t 
= —ucosa. 


After impact velocity along the plane remains unchanged but the 
normal velocity is reversed, 


-. Velocity along the plane after impact 3usino 
velocity perp. to the plane= ucosa. 
S,— (3usina)t |- 32sinaz? 


aud 0— ucosat-l- 3( — gcosa)t? 

or t= 2u 

8 
e 53 3usina x 244 3esina. 4u?  SwUsina 
g 3? g 
—l6hsina (5 u?=2gh). 
Similarly, S3=24hsina, S,— 32/isina. 
Sj aie Sen ils Dos See nen ANS. 


39. Let the bomber dive at angle a with the horizontal at A. The 
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bomb will be released at the same 

angle with the speed of the bomber. 
So the bomb may be treated as sir a 

¿a projectile projected at a with H SS 

velocity v. In the figure AB= h, 
BT=s= yV Bh 

Es s=vcosat j 

and h=vsinat+ }gt? 


T(farger) 
or h=stana-+-} 5 S7  (1--tan?a) Fig. 1.31 


(^. sec'a- 1--tan?a) 


or tanta} Z tana-+-(1— 2ith 
gs 
2 NAM om Ap 
Or tana=— + / E MATE 2E p 
gs GAY gs? 


Since only positive solution has a meaning, we take 


tana, / UE =( 1— 2vh AA 
gs gs“ $5 
Here y=360 kph=100 m/s 

$—4/5—4-1 km=1000 m. 


tana=,/ 108, 2XIUX2x135 O 

10? x 105 10 x 108 10 x 10? 
=2-1=1 

or a=45°, Ans. 


40. Let v be the velocity of the river at a distance from th 
bank, Then v=ky. » d 


c 


But y— vy When DS (This is given) 
KE On pl 2". 
c 
a = 2% 
n y Te dA 
But yout. 
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_ v 2wu 


Rate of change of velocity =— ae 


Volt 
az (acceleration of the boat along the water current)= 2you T 


Fig. 1.32 or y*-— 


This is equation of a parabola. 


Thus the trajectory of the boat is a parabola AD up to the mid- 
stream. The other half of the trajectory (DB) is of the same nature 
as'the first one. 


When the boat is in the mid-stream, yas, 


2 
c? uc 
4 y 
or wr ae 
u 


This gives the drift of the boat along the stream. 
In the other half it is drifted by the same distance. 
& The total distance by which the boat is drifted 


y 
=2x=} cro HAns. 
t 


Solution and Hints to Test Questions 


1. (i) (9). (ii) (d). (iii) (a). The flag will 


direct to the direction of the relative velocity of the wind relative to 
the steamer. 

(iv) (c). (v) (d). (vi) (b). (vii) (c). (viii) (b). 

(ix) (d). — (x) ©. 
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2. (i) Angular momentum — MLT- 


Torque AMET 
Pressure CUM ZUTEA 
Conductivity — MLT-3K3 
Electromotive force — MI2T-393, 
(ii) (a) caesium. (b) Krypton (sK), from ?p,, to 5d;. 
(c) area, normal to the area. 
(iii) (a) false. (b) true. (c) true. 
3. We have t=Vx+3 or x=f—61+9, 
y= dx 2t—6. 


Obviously velocity is zero when t=3 s. 
x=3?-6x3+9=0. Ans. 


4. We have $—0xn-iat? 
and Yo af, 
sai xr? or n-25 
2535 f Yo 
25 — vos or fees 
Yo 


38 = Vots— }a' h. 


But 0—»—at, or a=", 
ts 
T xs 6 
BWS z nos c Bots or hoy 
Total distance— s-|-25--35— 6s 
Total time—,4-£,-1-1,— 254.254 65. ELO 
Yo Y 7o Yo 
6s 3 
average speed — 10s =z: Ans, 
Vo 
5. We have, y! —€X?—2gx 10 (formula, v8 —w —2as) 
or y! —yw?*--20g. 
Let v' be the velocity after collision. 
Then àmv?—iximv 


or y?— Lye 
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But y222xgx10- 20g (This is given). 
^ 20g 30v4-208) 


or v= A/20g =v 20x 98 —4A/2x98 =2x7=14 m/s. Ans. 

Gi) It will rise to the same height because on returning to the 
point of projection the ball would acquire the same downward velocity 
and so the same thing would be repeated. 

6. Let us take the direction of acceleration as x-axis and the line 
perpendicular to it as y-axis. Let the initial velocity V, make 
angle a with x-axis. 

Then x= V,cosat-- 50t* 

and y-Vsinat (there is no acceleration along y-axis) 


2 


M Nave e 

x=ycota-+ 52 sinu. 

This is equation of a parabola. Proved. 

7. Let the rocket go up A with acceleration of 10 m/s?. 
Then h— 0--3x 10x 60? — 18000 m. 

The velocity acquired by it is y—0--10»x 60 — 600 m/s. 


After complete burn-out of fuel the rocket motion is retarded by 
gravitation. Let it go up further by k’. 


Then 6002 =2«9°8 xh’ 
or k = 18367 m. 
*. Total height =A--h’ = 18000-+ 18367 
= 36367 m 
=36'4 km. Ans. 
8. (a) We have v=ar/Xx. 
Squaring, y3- a2x. 
f PO dy | g dx 
Differentiating, we =o dr 
T _ dx 
a2y ( y a) 
dv _ 2 
or z ET 
Or y ic--» (a constant). 
When ż=0, let v=0. Then yo- 0 
and vidt. Ans. 


a (acceleration) — a —1o? (a constant). Ans. 
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(b) We have u= Dr gent, or x= 20%. 
Sv 
& ~S=ia72?, or pa2Vv5s 
a 
so «v» eS Ans. 


9. (a) x—asinot; 
We axe aecosut, 
“w= T 
y —a(1 — cosot); 
d Ly 3 
< by=-- — aosinot. 
V di 


v=4/ vee =ao; ©. S=vt=aet. Ans. 


(b) Let x be the instantaneous distance of the boat from the man 
and z be its distance from the shore. Then, if / is the height of the 


shore, we have x?— 22 =h? (a constant). 
n en dx dz 
Differentiating, << =2z— 
ifferentiating: DET 2 di 
dx PR Bodza ; 
aped (given); ZU (to be determined). 


But = = cosu. So u=——. Ans. 
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1 
i 
Topics : Laws of Motion : 
Free-Body Diagrams ; 
Momentum: Principle of | 
Conservation of Momentum į 

Motion of Connected Bodies i 
Friction: Limiting and ' 

Li 


2.1 Laws of Motion 


The equation of motion of a particle 
= 


> A 


= - a 
p dv dx 

=ma Or —f or m— or mM, or mx 

F dt dt dt 


> = >. 
where a is the acceleration, p is the momentum and y is the 


instantaneous velocity of the particle and x stands for double 
differentiation of x with respect to t. 


ES E 
p(momentum)=m v. This is a vector quantity. 


Note. If more than one force act on the particle, then F is the 
resultant of all these forces. 

If no force acts on the particle, its motion will remain unchanged. 
Remember that force is not necessary to maintain the motion; 
force is necessary to change the motion. This aspect is described by 
the word ‘inertia’. 

For a system of particles or rigid body the equation of motion is 

=H 


F, 23 d Ycm 
Fezternat=™ @ em Of M-i 


where ‘cm’ stands for ‘centre of mass’. 
A special case arises when we deal with a system of varying mass, 
such as a rocket. The equation of motion is 


y dm 
Fexternal= md. sr Urari. 


where urez is the relative velocity of the leaving mass relative to the 


main mass. The force Ure n is the ‘thrust’ generated by the leaving 


mass, 
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Thrust generated by the leaving mass= ürer E 


2.2:Free-body Diagram : Force and Environment 


In solving problems in dynamics confusion arises in conside- 
ring motion of a body when it is acted upon by a number of forces. 
To overcome this confusion a scheme is available called ‘free-body’ 
diagram. In this scheme a separate diagram of the body is drawn and 
in this diagram different forces exerted by the bodies inthe environ- 
ment are shown. The number of forces must be the same as the 
number of bodies in the environment. Bodies in contact with the 
given body exert ‘contact force’. Bodies which are not in immediate 
contact may also exert force on the body and that force is the ‘field 
force’. The weight of a body is an example of ‘field force, There 
may be other field forces such as ‘electric force’, ‘magnetic force’ etc. 
To solve prolems by this scheme the following steps are 
recommended, 

(i) Make a separate diagram of the body, showing all the 
forces—contact forces as well as the field forces.. 

(ii) See carefully that you have considered all. the forces. 
Remember that the number of forces must be the same as the 
number of bodies in the environment. 

(iii) Now project (resolve) all the forces along and perpendicular 
to the direction in which motion takes place and apply ‘force — mass 
acceleration’ in each direction. 


D’ Alembert's Principle. /This principle is a very useful formalism 
which considerably simplifies many difficult problems in dynamics. 
By this principle a dynamic system can be reduced to a static system 
by introducing a force called ‘inertia force’, equal to the product of 
mass of the system and its acceleration at the centre of mass of the 
system aud directed opposite to the acceleration of the system. 
This force will be in addition to the real forces, that is, the forces 
accountable to its environments. Forces exerted by real bodies in the 
environment are called real forces. 


2.3 Momentum and Conservation of Momentum 


> 1 = 
P (momentum of a particle)=m v. 
ar 
When no external forces act on a system of particles p =a 
constant. 
This is known as the principle of conservation of momentum. 


Since momentum is a vector quantity, the above principle may be 
applied separately for two mutually perpendicular directions àt the 
same point. This becomes very useful in problems involving 


collisions. 
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£2.4 Motion of Connected Bodies : Tension of a String! 


When several bodies are connected by unstretchable stripgs 
passing over several pulleys, motion of the bodies takes place under 
‘constraints’. The principal constraint is that lengths of the strings 
do not change. This constraint determines whether different parts 
will have the same acceleration or different accelerations. The 
strings will be under tension. The tension of a string is the force 
exerted by an element of it over the adjoining element across 
the boundary of the elements. If the string is light (weightless) its 
tension throughout its length is the same; otherwise it will change 
from point to point. The tension of a string on the two sides of a 
pulley is the same if the pulley is frictionless; otherwise the tensions 
on the two sides of the pulley will be different. Make free-body 
diagrams of the bodies and solve for the sought quantity. 


At any point on a string the tension may be considered to be 
acting in either direction. 


2.5 Friction 


Force of friction arises between two, surfaces in contact, when 
some reaction exists between them. By nature, the force of friction 


N opposes any motion or tendency of 
motion between the surfaces. Let M 
be the normal reaction between two 
surfaces in contact; let f=force 
applied to one of the bodies (the 

F f other being rigidly fixed); let F—force 
i of friction. If f is gradually increased 

t from zero, F will also increase, so 

Fig. 2.1 thatf and F are always equal and 
opposite. No motion occurs. 

However, F has a certain maximum value, called the ‘limiting friction’, 

given by Fum= HN, 

us= Coefficient of static friction. Its value depends only on the 

nature of the surfaces in contact, being larger for rough surfaces, and 

smaller for smooth surfaces. When the bodies in contact are in 
motion, Fy=py,zN where uy is the coefficient of kinetic friction. 

Remember py; is always less than ps. Thus, frictional force is always 

less than limiting frictional force and is equal to the applied force, 

provided it (applied force) is less than the limiting frictional force. 


If, however, it exceeds the limiting frictional force, the frictional 
force is the limiting frictional force itself. 

Forces of reaction are commonly encountered in most problems. 
Reaction is a contact force, and will arise whenever two surfaces are 
in contact. Let us first consider ‘normal reaction. When tw? 
surfaces are in contact, the normal reaction will act along the 
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“common normal to the two surfaces. Figs. 2.2 


applications of this principle. 
R 


69 


to 2.5 show some 


Fig. 2.4 


Fig. 2.5 


This rule gives us only the direction of the normal reaction; its 
magnitude has to be obtained from the equations of motion. 


If two surfaces in contact are 
‘fixed’ or ‘hinged’, the reaction in 
general will not be normal. To find 
the reaction in such cases, use the 
principle that if a system is in 
equilibrium under the influence of 
three forces, the lines of action of 
the forces must pass through the 
same point. An example of this is 
given in Fig. 2.6. The word ‘reaction 
of a surface’ sometines denotes the 
resultant of the normal reaction of a 


HINGE 


surface and the force of friction at the 
surface. In Fig. 2.7, N=normal reaction, 
F=force of friction due to spinning 
wheel, R— reaction of road —resultant of 


N and F. 


mg. 
Fig. 2.6 


Fig. 2.7 
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Angle of Friction (4) and Angle of Repose (9). When a body is resting on 
an inclined plane the angle made by the reaction of the plane on a 
body when it is about to slide is called the angle of limiting 
friction (^). The coefficient of friction is equal to the tangent of the 
angle of friction | ugg— tan. 


When a body is about to slide down an inclined plane, the angle 
made by the plane to the horizontal is called ‘angle of repose' (0). 
The coefficient of friction is also equal to the tangent of the angie of 
repose us —tano. 


Kilogramme force (kgf). The force with which the earth attracts a 
1kg body towards its centre is called ‘a kilogramme force’, Thus 


1kg pa Force iz newton, 


Spring Force. When a spring is compressed or stretched a force is 
called into play in the opposite direction in proportion to the 
decrease or increase in length. That is, the force ‘F’ produced due 
to compression or elongation of a spring is proportional to decrease 
or increase ‘x’ in length. 


That is, F=—kx 


where k is a constant called ‘force constant’ of the spring. It 
depends on the length ‘P, material of the spring and area of cross- 
section. If /is the length of the spring, then 


LY 
= ——-x 
EA 
where à is a constant depending only on material and transverse 
section of the spring. This is called ‘modulus’ of the spring. 
It follows that if a spring of force constant k is cut into two 
equal parts, the force constant of each part is 2k. 


_ Impulse of a Force. The change in momentum produced by a: force 
is called its impulse. In terms of force it is equal to the product of 
the magnitude of the force and the duration of action of the force. 


Impulse =m(v;— vi) =F. At. 
CRITICAL QUESTIONS 


1. Why do you fall forward when a moving train decelerates to 2 
stop and fall backward when a train accelerates from rest ? 


Ans. Due to inertia of motion of the upper part of the body- 
Due to inertia for rest of the lower part of the body. 


2. When walking on ice, is it better to take short or long steps ? 
Explain. (NDA 1977) 
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Ans. Ice is almost frictionless. In walking there must be suffici- 
ent friction to prevent slipping of feet. Frictional force depends on 
the normal reaction and normal reaction in its turn depends on the 
inclination of the reaction of the ground with the vertical. If we 
take Jong steps the inclination of the reaction to the vertical becomes 
large and hence less frictional force. If we take short steps, then 
reaction remains close to the vertical. This helps to develop more 
frictional force on a slippery road such as ice and makes walking 
possible. This is why while walking on ice it is better to take short 
steps. 


3. Can sailing boats be propelled by air blown at the sails from a 
fan attached to the boat ? 


Ans. No. Consider (boat--fan--air) as a system. This system is 
free from external force. The force exerted by fan on the sail through 
air, sail exerts the same force on the air and these are internal forces. 
Internal forces do not contribute to the motion of a system of 
particles or bodies. For a system we have F,;,— (Zm)a. Since Feri= 0, 
a=0 or v=constant. So if the boat is initially at rest, the air blown 
from the fan cannot start motion in the system. 


4. When a person walks on a rough surface, the frictional force 
exerted by the surface on the person is opposite to the direction of 
his motion. True or false ? (IIT 1981) 


Aus. False. When a man walks, he rubs his foot or footwear in 
the backward direction. The rough surface exerts an equal and 
opposite force. Thus frictional force on the man is in the direction 
of the man. 


5. A rocket moves forward by pushing the surrounding air back- 
wards. True or false ? (IIT 1980) 


Ans. False. A rocket moves by the thrust generated by the gas 
ejected at the rear end of it. 


6. There is a limit beyond which further polishing of a surface 
increases rather decreases frictional resistance. Can you explain 
this ? 


Ans. If there is over polishing, molecules of the surfaces come 
within molecular range and so strong molecular force of attraction 
arise between them. 

7. Is the tension of a string the same throughout its length if it is 
not massless ? 

Ans. No. Tension varies from point to point if the string is not 
massless. 


8. Is the tension of a string on either side of a pulley the same ? 
If so, under what conditions ? 
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Ans. Yes, the tension is the some on either side of the pulley if 
the pulley is frictionless. 


9. Is it unreasonable to expect a coefficient of friction to exceed 
unity ? 

Ans. No, because the coefficient of friction is given by u— tan 
where Ais the angle of friction. Since tan of an angle may be 


anything from zero to infinity, it is not unreasonable to expect pu 
to exceed unity. 


10. Explain how the range of your car’s headlights limits the safe 
driving speed at night. 


Ans. When a car moves, there is rolling friction between the tyres 
and road, Rolling friction is small in comparison to sliding friction. 
When brake is applied, the wheels are clamped and so there arises 
enormous sliding friction. This sliding friction stops the car. If 7 is 

the headlight, the car must be stopped within this 
Hs is the coefficient of 
=us Mg — Ma where a is 


or CENTS. 
But Y*safe speed = 2al — 2y,gl. 
“%  Vsafe speed = ^/2usgl. 


11. When a lift moves up with uniform acceleration the weight of 
à man apparently increases, Why ? (NDA 1979) 


Ans. The apparent weight indicated by a Spring balance is the 
force with which it is stretched by the man. Let R be the 


which the man stretches or compresses the spring. Then the spring 


y' diagram 


R—mg-ma or R-mg--ma. 
This is why the weight apparently increases. 


12. Why is it easier to pull than to push a lawn roller ? 


Ans. Push is a force 
directed inward (towards 
the centre) and ‘pull’ 
is a force directed 
away from the centre. 
Let P be the force requi- 
red to move the roller by 
pulling and Q be the 
force required to move a 

m by pushing applied at the 

“g g sams inclination @ to the 
Fig 2.8 horizontal. Considering 
‘free-body diagrams’ in 
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the two cases we have 


N-FPsin0— mg N' — Qsin0— mg 
and — Pcos0— fum — n and — Qcos0— fim — n,N' 
Hence p— . PE —— Hence Q— 5? 


COs0 J- u,sino cosé—p,sine 


Spo: 

"This is why it is easier to pull than to push a lawn roller. 

13. A goods train has 25 compartments. Will the tension in 
coupling between the fourth and the fifth compartment be the same 
as that in the coupling between the twenty-first and the twenty- 
second compartment ? 


: Ans. No. Let P be the pull of the engine. Considering ‘free-body’ 

diagram of the first four compartments we have 
P—4f—T-—4ma 
where f=frictional force on each compartment, m=mass of each 
compartment, a=acceleration of the train, T=tension. Considering 
*free-body' diagram of the 21 compartments we have 
P—21f—T'-—21ma. 
Hence T=P—4(f-+ma) and T'— P—21(f4-ma). 
T ec 


14. A student standing on the Jarge platform of a spring scale 
notes his weight. He then takes a step on this platform and notices 
that the scale reads less than his weight at the beginning of the step 
and more than his weight at the end of the step. Explain. 


Ans. When the student takes a step on the platform of the balance 
there is sudden change in motion (downward) in the beginning and 
a sudden upward change at the end of the step. So if R is force 
exerted by the spring of the balance on the student, then in the 
beginning of the step (mg— R) >0 or R«mg. So the scale reads less. 
At the end of the step, R-mg>0 or R>mg. Sothescale reads 
more. 

15. Why is it difficult to walk on sand ? 

Ans. Because of yielding nature of sand surface, it cannot exert 
as much forward thrust as a hard ground. 

16. Why a clean hole is made when a bullet is fired at a glass 
window pane but it is broken into pieces by a stone ? 

Ans. The speed of the bullet is very high. Due to large inertia for 
motion a clean hole is made. When a stone is thrown due to low 
inertia for motion of the stone, it cannot cut through it. 


17. The pull of a horse on a wagon is equal and opposite to the 
pull of the wagon on the horse. If the horse can never exert a greater 
force on the wagon than it exerts on the horse, how is the wagon set 


moving ? Explain. 
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Ans. The motion of a system of bodies depend on the external 
forces acting on the system and NOT on the internal action and 
reactions of the different parts of the system. Consider wagon-- 
horse as a system. Make freebody diagrams of wagon and horse. 
The earth is an external body for the system. The gravitational pull 
due to the earth and the frictional force are external to the system. 
See below carefully how motion of the system does not depend on 
the internal action and reaction of the system. 


N i" 
nan 
P H 
Mg mg. 
WAGON HORSE 
Fig. 2.9 


Equation of motion Equation of motion System = wagon-- 
of the wagon of the horse horse 
T—f—Ma H-—T-ma H —f -(M--m)a 
N=Mg =mg N+V=(M+m)g. 
Thus it is seen that the motion of the system follows when the 
horizontal component of reaction of the earth exceeds the limiting 
frictional force on the wagon and never depends on what amount of 
force the horse applies on the wagon and the wagon on the horse. 


18. Can we predict the direction of motion from the direction of 
force ? 

Ans. No. According to Newton’s 2nd Jaw, the resultant force 
acting on a body determines the magnitude and direction of its 
acceleration and not its velocity. So from the direction of force we 
cannot predict direction of motion. For example, in circular motion, 
motion takes place at right angles to the force but acceleration is 


definitely along the direction of the force, that is, towards the centre 
of the circle. 


19. Why does a fielder lower his hand while taking a ‘catch’ ? 


Ans. The ball lands on the hand of the fielder with tremendous 
Speed. To stop it the fielders must apply the same impulse with 
Which the batsman sends it to him. By lowcring his hand he manages 
to lengthen the duration of action of the force exerted by him on 
the ball. Thus the same impulse can be applied by the fielder by a 
comparatively much smaller force. 'To secure this advantage a 
fielder lowers his hands while taking a ‘catch’. 

20. Arrange ps-coefficient of static friction, p,-coefficient of 
pie friction and p,-coefficient of rolling friction in ascending 
order. 


Ans, Hir <p < pts. 


, 


-P 
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21. Can the angle 0 in the E 8 E 
figure be ever exactly 180?? ` 
If not, why ? | 
3 10 kg 
Fig. 2.10 


Ans. No. For equilibrium, 
8 5g 
2Fcos— —10g, = —1 (28 
cos 5 10g, or 8—2cos (#). 
64 180°. 


22. Two men, each of mass m, stand on the edge of a stationary 
car and jump off with a horizontal velocity u relative to the car first 
simultaneously and then one after the other, If friction be negligible, 
in which case will they impart greater velocity to the car ? 


Ans. Let M be the mass of the car excluding the mass of the men. 
Let u, be the absolute velocity of the man to the right after one man 
jumps off the car and wz be the absolute velocity of the car to the 
left. Then u-1,—(-— Us) -— ts 

Considering conservation of horizontal momentum ofthe system 
(man-Fcar) to the left (this is justified because the system is free 
from external forces along the horizontal) 


mu 
(M-++2m)0 — (M 4-m)us -m(—:), or la aT 


Considering conservation of momentum when the second man 


jumps off i 
(M+m)uz =Muy +m(— u’) 


u—iu-—(-u)- Uy! tle! 


and 
mu i F 
or (M+m)X -gym s —m(u— us) 
^ 1 a i ) i 
or Ug =M -M+2m M+m/ - @ 


When both men jump off simultaneously 
(M-+2m) x 0 =Mus+-2m(—u) 
uus — (— us) = Uy us. 


and 
2mu  . 1 Ter we! 
Hence mean er Mam  M+2m ) 2O) 


Comparing (1) and (2), Ua > us. 
So they can import greater velocity by jumping one after the 
other. 
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23. Acceleration due to gravity is independent of mass. Why 
then electron from an electron gun does not fall as much because of 
gravity as water particles from a hose ? 


Ans. Because electrons are much faster than water particles from 
a hose. 


24. A bird is in a wire cage hanging from a spring balance. Is 
the reading of the balance when the bird is flying about greater than, 
less than, or the same as that when the bird sits in the cage ? 


Ans. The balance reads the same in both the cases because for 
the system (cage+bird+-air) action and reaction of the internal 
parts neutralise and so the external forces on the system remain 
unchanged whether or not the internal parts act and react. 


To spring 
balance 


25. A sand glass is being weighed 
on a sensitive balance, first when 
the sand is dropping in a steady 
stream from the upper to the lower 
part and then again after the upper 
part is empty. Are the two weights 
the same or not? Explain your 
answer. 


Fig. 2.11 


Ans. The two weights are the same. The stream of sand leaving 
the upper part exerts force upward and the stream of Sand reaching 
the lower part exerts the same downward force, that is, the sand 
stream being continuous from upper to lower Part of vessel, the two 
forces become the internal forces of the system and so equilibrium is 


not effected. However, at the moment the last element of the stream 


leaves the upper part the falling elements exert greater force than 


their weights on account of their gained momentum under gravity 
and so momentarily the balance will read more. But when all the 
sand has collected and there is no stream, the balance reading will 
be steady and again it will give the same reading. 


. 26. How can you reconcile the sailing of a sailboat into the wind 
with the conservation of momentum principle ? 


Ans. Considering boat--wind as a System free from external 


force, we can reconcile the sailing of a sailboat into the wind. Here 
momentum of the wind is transferred to the boat, 


27. Both the following statements are correct; explain them. Two 
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teams having a tug-of-war must always pull equally hard on one 
another. The team that pushes harder against the ground wins. 


Ans. The harder each team pulls the other, the greater the force 
it exerts on the other team through the rope and so to win each team 
must pull hard on the other team. The harder the team pushes 
against the ground, the greater the reaction of the ground and the 
greater the component of the reaction helping the team to pull over 
the other team to their side. 


28. A massless rope is passed over a frictionless pulley. A 
monkey holds on to it and a mirror, having the same weight as the 
monkey, is attached to the other end of the rope at the monkey's 
level. Can the monkey ever get away from his image ? Explain. 


Ans. No. Since the two weights are equal, if the monkey let 
loose the rope, both will have the same downward acceleration. If 
the monkey goes up witb acceleration, tension in the rope must be 
greater than the weight of the monkey and the same tension is 
effective on the mirror. The mirror being of the same mass will 
have the same upward acceleration. Thus the monkey can never get 
away from his image. 

29. Why does a gun appear to have a greater *kick' when fired 
with the butt held loosely against the shoulder than when held 


tightly ? 


Ans. When held loosely, the gun alone recoils with velocity i 
where m is the mass of the bullet and y is its velocity and M is the 
Aef the gun. But when held tightly, the gun and the man form 


my 


a single rigid body and so the velocity; of recoil is MW where W is 


the mass of the man. The velocity in the former case being large, 
the man experiences a greater kick. 
30. A uniform rod AB is placed horizontally on forefingers of left 


and right hand as shown in the 
figure. : The left finger is at M and AS 0 B 
the right finger is at the extreme 
right end B. If you want to Hove 
your fingers inwards towards the 
centre O of ee you wi Pee 
ight finger move , 

uh Pron batt the fingers simultane- Fig. 2.12 
ously when the two are equidistant 
from the centre O. Explain why is it so. 

Ans. The normal reaction On the left finger is greater than that: 
on the right finger because of its closeness to the centre of gravity. 
Hence frictional force on the left finger is greater than that on the 
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i i they are 
i er and so the right finger moves in first. When 1 
HE UE the frictional force is the same on both the fingers. This 
a why they move in simultaneously. 


1 identical elastic balls are suspended in a row as 

ds pere figure. If one or two or three etc. balls are moved 

i aside and then released, they collide 

with the remaining balls with a 

certain common velocity v. It 1s 

found that one or two or three etc. 

^ balls respectively from the extreme 

; right move out to the right with the 

DESDE same velocity, though to conserve 

momentum it is sufficient for a single 

ball to move out with v, 2v, 3v etc, respectively when one or two or 
three balls hit from the left. Explain why ? 


Ans. The same number of balls move out to conserve energy and 
momentum. If two balls hit with velocity v and only one ball moves 
out with 2v, momentum is conserved no doubt but energy is not 
conserved. On the other band if two balls move out, both momentum 
and energy are conserved. 


EXAMPLES 


OBJECTIVE QUESTIONS 


1. A jet engine works on the principle of (a) conservation of 
mass, (b) conservation of energy, (c) conservation of linear momen- 
tum, (d) conservation of angular momentum, (LIT. 1975) 


Ans. (c). 


2. A car of mass 1200 kg is brought to rest from a speed of 
72 kph within 80 m. The retarding force on the car is (a) 2000 N, 
(b) 3000 N, (c) 300 N, (d) 200 N. 
Ans. 72 kph=20 ms-3, 200-2 a2. 80 or a—2:5 ms? 


F—1200x2:5—3000 N. So the answer is (b). 


3. A block of mass 2 kg rests on a rou 
an angle of 30° with the horizontal. The coefficient of static friction 
and the plane is 0/7. The frictional force on the block is (a) &8 N, 
(b) 07x9:8x 4/3 N, (c) 9:84/3 N, (d) 07x 9:8 N. (LLT. 1980) 

Ans. Make a free-body diagram, Let N be the normal reaction. 

N =2gc0s30° =2g-/3/2= 3g. t. fim=0'7X4/3g. | 
Force down the plane=2gsin30°=g, Since the force down the plane 


is less than the limiting frictional force, frictional force is equal to 
the force down the plane. So the answer is (a). 


gh inclined plane making 


LESSON 2 79 


4. Figure below sbows a 
spring balance with additional 


provision to clamp one end 20 10 O 10 20 
tightly by the screw S. Initia- i 


S 
lly the pointer reads zero and (ea Tert 
the screw is tightened to clamp 
the spring at one end, If now B A 
<p 


two 10 kg weights are put on 
the pans, does the scale read 
(a) Okg, (b) 5 kg, (c) 10 kg, Fig.2.14 
(d) 20 kg ? 
: ee The spring is stretched by 10 kgf force and so the answer 
is (c). 
5. If in the figure of problem 4 the screw is unclamped and then 
10 kg weights are put on the pans, does the scale read (a) 0, (b) 5 kg 
(c) 10 kg, (d) 20 kg? [Y 
Ans. Now the spring stretches equally on either side. So the 
pointer does not shift. Therefore, the answer is (a). 


6. A spring balance is clamped to the ceiling and a 40 kg weight 
is hung from its hook. The scale reads 40 kg. The ceiling exerts 
(a) a force greater than 40 kg, (b) zero force, (c) a force less than 
40 kg, (d) a force exactly equal to 40 kg. 

Ans. Considering free-body diagram of the spring we find that 
the ceiling exerts exactly the same force. So the answer is (d). 


7. Two weights are suspended from a string thrown over a light 
frictionless pulley. The mass of one weight is 200 kg. If a heavy 
t is attached to its other end, the tension in the string is 


weigh 
E ro, (b) 200 kgf, (c) “400 kgf, (d) -600 kgf. 


(a) ze 


..2x:200 ME where M is the mass, suspended 
Ans. T= 2004M , suspended at the other 


end. Since the weight is heavy M is very large. 


T= ele ='400g (when M — oo). 
1, 200 


M 


So the answer is (c). 
8. A large block of wood is dragged along the platform of a 
railway station with 30 kgf force. The coefficient of friction between 
d concrete of platform is 0:5. The force of friction is 


d an 
(2) 30 kgf, (b) 20 kgf, (c) 10 kgf, (d) zero. 
Ans. fim=0:5X40g=20g N=20 kgf. Since the applied force 


ting frictional force, the effective friction is the limi- 


he limi 
gea If. So the answer is (b). 


ting friction itse 
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9. While launching a rocket of mass 2x10‘ kg from the surface 
of the earth, a force of 5x 10° N is applied for 20s. The velocity of 
the rocket after 20 sis (a) 500 ms, (b) 3000 ms-!, (c) 200 ms", 
(d) 100 ms. (g—10 ms). 

Ans. If a is the acceleration produced, 

5x105—2x10*x10-2x 101xa 
or a=15 ms, v=at=15x20=300 ms. So the answer is (b). 


10. A boy whose mass is 50 kg stands on spring weighing machine 
inside a lift. The lift starts to ascend with an acceleration of 2 ms~. 
The reading of the machine (g—10 ms-?) is (a) 50 kg, (b) zero, 
(c) 49:5 kg, (d) 60 kg. 

Ans. Here R—50x10=50x2, or R=600 N=60 kgf. So the 
answer is (d). 


11. An elevator weighs 4000 kg. When the upward tension of 
the supporting cable is 48000 N, the acceleration of the lift (g— 10 
ms-?) is (a) 5 ms-?, (b) 3 ms-?, (c) 2 ms?, (d) 1 ms~. 

Ans. Here 48000—4000 x 10=4000xa, or a—2ms-?. So the 
answer is (c). 


11. A heavy body of mass 25 kg is to be dragged along a horizon-- 


tal plane -J5). The least force required is (a) 25 kef, 
(b) 2°5 kgf, (c) 12°5 kgf, (d) 50 kgf. 


Ans. Let us first deduce a general formula. Let M be the mass. 
of the load and P isthe applied force. Let 0 be the angle at which 
P is applied to the vertical. 


Since there is no motion along the vertical we have 
N--Pcos0— Mg. 

.The body will move when 
horizontal forward force is. 
greater or equal to the limi- 
ting frictional force, that is, 

Psin0 zuN 

uMg — 

Sin0-l- cos 
Put p=tand, where A is a 
constant called angle of friction. 


xd T 2s 


Fig. 2.15 se p> Mssim 
sin(0-4-A) 


— Mgsin. 
Sin(0--A) ` 


e Prin 
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Further Pmin depends on 0. The value of Pmin is minimum when 
sin(0--3) is maximum. But the maximum value of sin(@-+-A) is 1. 
The least force needed = Mgsin?. = Mgsin30° 
= 1255 kgf. Ans. 


Se 1 
c = tanh; st = —_:2=30° 
( u ; tanA V3 1X2 309) 

So the answer is (c). 

12. A block of mass m is 
supported by a cord C from the 
ceiling, and another cord D is 
attached to the bottom of the block 
(see figure). If D is pulled on stea- 
dily (a) C breaks earlier than D (b) 
D breaks earlier than C, (c) both 
break simultaneously, (d) can never 
be said which one will break earlier. 


Ans. Consider a (free-body) 
diagram of the block. Since it is 
pulled steadily, no acceleration 1S 
produced in m. 

Ty--mg—- To-0 

or To;—Ty-—mg 

<. To Tp. A 

Thus C will break earlier than 
D because its tension will reach 
‘breaking tension’ of the cord earlier 
than that of D. So the answer Fig. 2.16 
is (a). 

13. The coefficient of friction between a block and a plane is 


.l . ifthe plane is gradually inclined, the block will begin to slide 
3 H 

when the inclination of the plane is (a) 60?, (b) 45?, (c) 15?, 

(d) 30°. 


í pane), Vd 1 
Ans. Since coefficient of friction 1s Jy tani- ES or Aa 209. 


=tands) e 6=307. 


But M is also given by u 

So the answer is (d). 
14. A block is about f slide down an inclined plane when its 
inclination to the horizontal is 0. If now a 5 kg weight is put on the 
it is still apon to aite daga the plane, NR CERE 
A n the plane unless the inclination is increased, (c) it is not 
slid aa wr the plane unless the inclination is decreased, (d) it 

os down whatever be the inclination. 


c. Y. H. PHY.-6 
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Ans, Suppose W is the 
total weight (weight of block 
-rweight on block). Make a 
‘free-body’ diagram of W. 
Projecting forces along and 
perpendicular to the plane, 
we have 

N=Wceos0 and frm = Wsind . 

But fum uN. 


= Wsind _ 
Wcos0 


Fig. 2.17 Thus O is independent 
of W. 


tan. 


E 


So the anwer is (a). 

15. A body of mass 1 kg is suspended by a thread, If the body 
istaken up with acceleration 5 ms-?, the tension of the thread 
(g— 10 ms?) is (a) 1 kgf, (b) 2 kgf, (c) 175 kgf, (d) 5 kgf. 

Ans. We have T—1xg—1x5 or T=15 N=1'5 kgf. 

So the answer is (c). 

16. Two masses 5 kg and 3 kg are suspended from the ends of 
an unstretchable light string passing over a frictionless pulley. When 
the masses are released, the pressure on the pulley is (a) 8 kgf, 
(b) 2 kgf, (c) 15 kgf, (d) 7:5 kgf. 

Ans. Considering 'free-body' diagrams of the masses we have 
T—3g—3a and 5g— T— 5a. Solving for T we have T=15/4g. F 
(force on the pulley) 2 27— 7:5 gEN=7°'5 kgf. 

So the answer is (d). 

17. A particle of mass m=9 x 10-31 kg moving to the wall of a 
vessel at a velocity of y=600 ms-t strikes the wall of the vessel at an 
angle 60? to the normal and rebounds at the same angle at the same 
Speed. The impulse of the force experienced by the wall during the 
Impact is (a) 5:4x:10-?' Ns, (b) 54x 10-25 Ns, (c) 9x10-95 Ns, 
(d) 3x 10-2: Ns, 


Ans, Impulse of the force — change in momentum, 


IM. EE H ERA 
vı (initial velocity) - — y cosa 7 +v sina j 
with reference to the frame; shown in the 
figure; 


mid E ^ As 
vy (final velocity) — v cosa, 7 -+v sina j; 
EAM a a 


“ AV = Yr — y, =2ycosa UE 
S0 Av—4/2cosa. 
+. Change in momentum 
=m Av=2mycosa 
=2x9 x 107? x 600 x cos60° 
=5:4x 10-28 Ns, 
Fig. 2.18 So the answer is (b). 
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18. A 4000 kg rocket is set for firin 

3 t g. If th i 
d Piet i s p be ejected per beat iter e 
Ay EE g=10 ms-?)is (a) 20 kg, (b) 10 kg, (c) 5 kg, 


Sol. We have Fer: = dv dm 
ve Fez; — m dpa di Here Fezternat= mg 
and do; = omg: dm 
Jo mgeu, 
dt 2 rel dt 


dm _ mg 4000, 
or 5 - cu cm 
dt Urel 1000 4g — 40. 


So the answer is (d). 

19. A truck, weighing 8000 kg, is movi i 
negligible friction at 1°8 ms% with the MEL s 
ED to uem hard. The raindrops fall vertically with EEE ios 

nd. e i 
gist - e speed of the truck when it has collected 1000 kg of 

(a) 1:6 ms, (b) 10ms-, (c3 ms", (d)9 ms". 

Ans. The system (truck+ raindrops) is free from ent i 
tal force and so their momentum along the A is Moet 

8000x 1:8=9000 v" or »'—1L'6 ms. í 


So the answer is (a). 
20. A spring of force constant 'k is cut into three equal pieces 


The force constant of each part is 
or e 03 OF 


rce constantis inversely proportional to the 1 
i en 
eased three times and so the force oaa 


So the answer is (c). 


NUMERICL QUESTIONS 


Ans. The fo 
Here length is decr 
increased three times. 


1. A 100 kph wind blows normally against one w: 
having an uo of 50 m?. Calculate the force eee pou ee 
the air moves parallel to the wall after striking it and has a dentif 
1134 kemi; [JEE (W. Bengal) 1981] 
Sol. Let us fi 
Change in vel 
(Velocity along the norma! 
it moves parallel to it.) i 
Amount of air striking the wall per second — A x v, 


where A=area of wall. 


rst deduce a general formula. 
ocity of air along the normal to the wall- y —0— 
] after the air strikes the wall is BIN 
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Mass of air striking the wall per second — 4X vX p, 
where p= density of air. 
Change in momentum per second = (A.v.p).v — 4v?p. 
By laws of motion the wall exerts this force and the air exerts the 
same force on the wall. 
Force exerted by the air on the wall = 4v?p 


2 
H 100 x 1000 EN or. ee 
-sox (100009 X1134—4:375x10! N..— Ans 


2. A lift is going up. The total mass of passengers is 1500 kg. 
The variation of the speed of 


the lift is as shown in the 
graph. (a) What will be the 


26 tension in the rope pulling the 

m^ lift at ‘t? equal to (i) ls, 

of (ii) 6s, (iii) 11s? 

i (b) What is the height to 
o 2 Tum 10 ig Which the lift takes the 


s passengers ? 
Fig. 2.19 } 

(c) What is the average 

speed and average acceleration during the entire motion ? (IIT 1976) 


Sol. As seen in the figure the lift has uniform acceleration from 


t=0to t=2s. Acceleration =slope = E =1°8 ms-?. 


Let us first deduce a general expression for the tension T. 


The forces acting on the lift are (1 i ita- 
dior e eei re (1) tension T upward, (2) gravita 


gie T—mg-ma or T= m(a+g) newton. 
(i) At t=1s, a- 1:8 ms-2, ^. T—1500(1-8--9:8)— 17400 N. Ans. 


(ii) At t2 6s a=slope=0, ;*, T—1500x9- 
I , EODD X9:8—14700 N. Ans. 
(iii) At t=11 s, a=slope = — 1'8 ms-?, fa 


T —1500(9:8 — 1:8)212000 N. Ans. 
(b) Height = distance covered by the lift=area under v-t curve 
=area of the trapezium = 1 x (12--8) X 3:6— 36 m. Ans, 


(c) Average speed —Íotal distance 36 - - 
p ETS -—573 ms“, Ans. 


BUS —0. Ans. 


itha length L is acted upon by two 
o its ends and directed oppositely. With 


Average acceleration = =»: _0—0 
T 


3. A homogenous rod w 
forces F, and F, applied t 
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what force F will the rod be stretched. in the cross-section at a 
distance / from the end where F, is applied ? 
Sol. Suppose F,>F,. Then motion of the rod will take place in 
the direction of the force F; 
with acceleration, say, 4. glucose 
Considering motion of the *1 e m 2 
entire rod we have F,—F,;=net E | A—B 
force on the rod=mLxa fe , E t 5 
where m is the mass of the rod i Fi 
per unit length of it. 123220 
Considering motion of length / from the first end, 


F-F,=mia, 
peas F-F, 1 
Dividing, we have Ron L 
or F (.— 


4. A cart with a mass 
M=} kg is connected by 
a string to a weight having a 
mass m=200 gm. At the 
initial moment the cart moves 
to the left along a horizontal 
plane at a speed »—7 ms 
(see Fig.). Find the magnitude 
and direction of the cart, the 
place where it will be and the Fig, 2.21 
distance covered by it in t=5s. 

Sol. Let us fix up @ frame of reference at the edge of the plane 
with leftward direction as X-axis. Let x be the distance of the cart 
at 1=0. Let a be the common acceleration of m and M. Considering 
‘free-body’ diagrams, We have 

mg—T=ma and T=M.a. 


Adding, we have mg=(M+m)a 
omg 2X98 58 mg 
or a= fam 542 ms-?. 


Since M has initial velocity to the left, a isin fact retardation 


torie a o»2T4(-28)x5- —7 ms% 
That is, after 5sthe cart will have the same speed but in the 


site direction. Ans 
Kd R 28) 5123013535 — Xo. 


Thatis, the cart lies in the same position after 5 s. Ans. 
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Let the cart go by s to the left from its initial position. Ther 
he third kinematic (v? — y,?— 2as), 
"rU 0?—72= 2(—2'8) s 
or 5=8°75 m. 
-. Distance covered in up and down journey 
=8°75+8:75=17:'5 m. Ans. 
5. A block of mass 2 kg slides down an inclined plane which 


makes an angle of 30? with the horizontal. The coefficient of friction 
between the block and the surface is Vs. 


(i) What force must be applied to the block so that the block 
moves down the plane without acceleration ? 


(ii) What force should be applied to the block so that it can 
move up without any acceleration ? 


(iii) Calculate the ratio of the powers needed in the aboye two 
cases, if the block moves with the same speed in both the cases, 
(HiT 1976) 
Sol. Make a ‘free-body’ diagram of the block. Take the force 
of friction opposite to the direction of motion. 


(i) Projecting forces along and 
perpendicular to the plane 


N= mgcoso. 
SN € F--mgsin0—f—0 (since there is 
o no acceleration) 
02 or F-rmgsino—uN —0 


or F--mgsino— umgcoso 

or F-yngcos0— mgsin8 
ES mg(ucos0 — sin) 
—2X9:8(4/8.cos309 — sin30°) 


( Igi 
= 19:6 Je 2) 
Fig. 2.22 ( BA 295 


y 3 
=19°6 2yà- i) 11:0 newtons, Ans, 


. (ii) This time the direct: 
tional force is also reversed 


e 


on of F is reversed and that of the fric- ^ 


<- N=mgcose; F= mgsin0-|-f 
or F= T(ucos6--sing) =19°6 Lac +4)- 30:6 newtons. 


i 22 
(iii) Power — forcex velocity, 


Since the velocity is the same in both the cases, ratio of the 
powers in the two cases is equa] to the ratio of the forces, 
pie n -B. 110 Ans 
Pj FK FEQ 306° i 
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6.In the system 
shown in the figure, my, 
slides down a friction- 
less inclined plane. The 
pulleys are massless and 
frictionless. Find the 
accelerations of m, and 
m, and the tensions of 
strings. 


Fig. 2.23 


Sol. Let my go up by x when m, goes down the plane by y. Here 
the masses move under the constraints that the lengths of the strings 
do not change. Since the length of the string connecting mą with the 
pulley A does not change, displacement of 4 down the plane must be 
same as the upward displacement of my. Let /, and I, be the initial 
lengths of tne horizontal portions of the string connecting m, to the 
fixed support round the pulley A. After displacements of 4 and m; 
down the plane /, becomes Fee: 

l—x and l, becomes AT V 
h—x--y. Since the length AV 
of the string does not ^ 
change, neither the string 
slackens, 
L+Ah=l—x-+l—x+y 
or 2x=y. 

Differentiating with C? 

respect to f, 


dx _dy 

des Fig. 2.24 
or 2x = y or Q»-» 
and 2x = y or 2a4—4;. 
From the free-body diagram of ms, 


Ty — msg = MoM. e (i 


the free-body diagram of ms, 
Yos mygsind — T; — mia; 


dx msgsin0— Ty = 2nd. we 653) 
e-body diagram of A, 
From the fre ! T.—2T,=0Xa_, (T A is massless) 
" ptor 5s (OH) 
SO 2TQ1—msg-msas. cxx Of GO) 
m,gsin0 — T, = 2myds- .. (H) 


we have 


Eliminating Tr, 3 
2m;gsin0— msg = (4my--m«)as 
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u- 2m,gsind — mg 
SE fe AE 


. 2g(2m,sin8— mə) 
and PEE Ems 


; 2m,gsin0— mg 
= inĝ — »—mjgsin0—2m, x AAS NYT Mg 
Ti—migsin0 — 2m,as „gsi 1X AEN 


T,= mmg(2+sin0) 


or 
4mi--ms 


Ans, 


and Ty = 27mg (2+ sino). 


4m,+m, 


7. Two blocks of masses 
5 kg and 2 kg (see figure) are 
initially at rest on the floor. 
They are connected by a light 
String, passing over a light 
frictionless pulley. An up- 
ward force F is applied on the 
pulley and maintained cons- 
tant. Calculate the accelera- 
tions a, and a, of the 5 kg and 
2kg respectively when F is 
(i) 10 N, (ii) 50 N, (iii) 110 N 

(g=10 ms-2) 


exceed gravitational pull on them. 
Now 5kg=50N and 2 kg—20 N. 
(i) Considering free-body diagram of the pulley, 
10—27-0 C~ pulley is massless) 
or T=5N. 
So tension is less than gravitational pull on both the blocks. 
So no acceleration js Produced in them, 
4,—45—0, Ans. 


LESSON 2 89 


(ii) Now 50—2T=0, or T=25N. 
So 5 kg weight will not be lifted but 2 kg weight will be lifted. 
25—20—2xus, OF 454—255 ms. 
Thus 4,20 and 44,2255 ms“. Ans. 
(iii) Now 110-27=0, or T=55N. 
So both the weights are lifted. 
55—50=5a,, or a,-lms? Ans. 
and 55—20=2a,, Or a=17:5 ms^?. Ans. 


S. A frictionless block 3 carries 
two other frictionless blocks 1 and 2 
as shown in the fig, connected by 
a light string passing over a weight- 
less and frictionless pulley. What 3 
horizontal force must continuously 
be applied to block 3 so that m, 
and m, do not move relative to 3? Fig. 2.26 


be absolute horizontal accelerations 


Sol. METHOD 1. Let di, ds, 4s } 
be their downward accelera- 


of 1, 2, and 3 to the right and 5j, ba, bs 


tions. 
Obviously b,=0 and b,-0. 


a= relative acceleration of 1 relative to 3=a,—4ay. 

This is required to be zero by the question... @,=4s. 

b= relative downward acceleration of 2 relative to 3 
=ba—bs=ba— 0 =b2. 


This is also required to be zero by the question. 


of 2 relative to 3=a,—a,;=0 ('. there 
elative to 3 to the right). 
az= ds. 


and b,=b,=b,=0. 


à53 — relative acceleration 
is no relative displacement of 2 r 


Thus = da — ds 
Considering ‘free-body’ diagrams of 1, 2, and 3, 
1 
N 4T N 
f i JE IN 


iis eT LES 


mg M9 A 
m3 


Fig. 2.27 
F—R-T-msas- ma, 


-nm T-mg=0 
es N'2omsg4- N4-T. 


N=mg R= mda — M241 
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Mo, 
à F=(m+m+m)a= (mmm) x Ea - Ans. 
re equations involving normal reactions are not of any 

Ru es are frictionless. These equations will come in 
use where there is between surfaces. z 

METHOD 1I. By D'Alembert's principle. ; 

Let a be the acceleration of the system to the right. Then 
F-—a(m;-4-mg4-m;)....by the second law of motion. oa = 

Now let us take the formalism ‘of D’Alembert s principle. We 
may now consider as if the block m, is not moving with acceleration 
but it is at rest, Now the ‘free-body’ diagrams of 1 and 2 are as 


follows : N T 
ma DiN zo | 
irs Ea 
mg msg 
Fig. 2.28 ; 
T—mya=myaj,=0 ("2 435 — 0) R—m;g —myas4— 0 
N-mg= and T8 —T= mb,4—0. 


Mo 
T=ma=m, or a= 728 : 
m 


m 
F=(m+m+m)x one Ans, 
1 


. Note. Note here how the formalism of D’Alembert’s principle 
simplifies the solution of a dynamic problem.. 


9. A block weighing 20 kg is placed on a smooth surface. A 
d Weight of 2 kg is mounted on the 

block. The coefficient between the 
block and the Weight is 0:25. Cal- 
culate the acceleration of the block 

: and the weight and also the fric- 
Fig. 2.29 tional force between the block and 
the weight when a horizontal force 

of 2 Nisapplied to the weight as 


shown in the figure, What will these quantities be if the horizontal 
force is 20 N ? (g=10 ms-2) 


Sol. So long the applied force is within the limiting frictional 
force, the two bodies will have no relative motion, that is, the two 
will behave like compact body. 
Here limiting frictional force = umg — 0-25 X2x10—5N. The 
applied force is only 2 N. Hence the two bodies will remain intact 
and will have a common acceleration given by 
2-(20--2a, or a= i= 09 ms. Ans, 
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The frictional force— Tbe applied force =2 N. Ans. 
When F=20 N, the applied 

force is in excess of the limit- N 

ing frictional force. So there 


will be relative motion bet- 5 

ween the two. The frictional SN ZON 

force=the limiting frictional 

force=5N. Ans. 2g 
From the free-body dia- Fig. 2.30 


gramof the weight and the block, 
20—5-22a, or %=7°5 ms-. Ans. 
5=20ds, 23— 0:25 ms» Ans. 


10. A pulley fixed to the ceiling of an elevator car carries a thread 
whose ends are attached to the loads m, and ma (mim). The car 
starts going up with an acceleration a. Assuming the masses of the 
pulley and the thread, as well as the friction, to be negligible find : 


(a) the acceleration of m relative to the elevator shaft! and relative 


to the car. 
(b) the force exerted b 


Sol. METHOD 1. Let l, and Ig 
the initial moment. 
Let in time t, m, go down’ by xy, 
m, go up by x, and the pulley.go up 
by x, Then /, becomes Lx t+ Xs 
and l, becomes /5—Xs Xs 
Lth=h+mtxt!s 


y the pulley on the ceiling of the car. 
be the lengths of the two portions at 


— Xat Xs 
e 1 
or 2Xa— Xa — Xi 
sz. Qa=G,—a, -° @ 
From the free-body diagrams of 
my, and rite, T 
mg-T-m;t mag 
and | T-—mgg- M2 
Adding, (mi— ma)g = mds Mate 
= my44 4-m«(2a4- a) mg 
Or a= (rm = mag —2m. Ans. Fig. 2.31 
mı +H Ma 
o the car 


dı car— relative acceleration of 1 relative t 
=a,—(~a)=a,+4 
= —2m;a m,—-m 
Lm -mag-2ma 4.74. "xg a) Ans. 
or 41 car m4m mii ma ) 
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xi t» el T Un no Dt ) 
(b) F=2T=2m,(¢ a)=2m,(¢ Dn mE De 


_ 4myms 
or = mm et: Ais. 


METHOD II. By D'Alembert's Principle. 


By the formalism indicated by D'Alembert's principle we can 
assume the pulley to be at rest by imposing inertia forces mya and 
ma downward on m, and ms respectively. Then 


(ng--ma) - T= mya, cap — ms(a,-- a) 
T—m(g--a) 9 myas car (a, —a) 
C7 a,—a5 when the car is supposed to be at rest). 
Adding, m;(g-a) — m.(g-L-a) = (m,+-ms)a,—a(m,—ms) 


—m»)g — 2msa 
Or a= (m- ~ Mita) — | Y. 
(mim) 


1t. Two identical trucks, each of mass M (excluding sack of rice) 
move on national highways with Speeds v, and v, towards each other. 
When they meet each other a sack of rice of mass mis thrown from 
one truck on to the other andan identical sack of rice is thrown 
from the second to the first. Calculate their velocities after exchange 
of sacks of rice, Neglect friction of the road. 


Sol. This is a problem on the conservation of momentum. 


Let the first truck move to the right and the second truck to the 
left. Let us consider rightward directions as positive, Consider 
Conservation of momentum of (truck--sack of rice) along the direc- 
tion of motion (this is justified because there is no external force 
along this direction). The momentum carried away by a sack thrown 


from the first is mv,, the momentum brought in by the second sack 
to the first is m(— yp) 


a (M+m)y,—my, im(—»)— (M--m)v, 


Ion Mv,—mv, - (M 4-m)v,' 


or w= M m 


Similarly considering Cons?rvation of momentum of the second 
truck 4-sacks, 
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12. A flat car of mass M 
starts moving to the right due 
to a cosntant force F (see 
figure). Sand spills on the 
flat car from a stationary 
hopper. The velocity of load- 
ing is constant and equal to m 
kej Find the eae and 
acceleration of the car after i 
seconds. E EA 


Sol. Instantaneous mass of the car=M--mt. 
Instantaneous velocity of the car— v (say). 

.. Instantaneous momentum of the car- (M 4-mt)v. 
By Newton's second law, 


_d > ed dv d 
F= AM Em) Ma Um at) 


or Fdt= Mdy+md(vt). 
Integrating, Ft=Mv+m(t)+e (a constant). 
When t=0, v=0. A c=0. 

à Ft=Mv+my.t 

Ft 
or y= mt Ans. 
dy F.M 
a=- . 


a (MFm) 


13. A block of mass m, is placed on the incline of a smooth 
wedge of mass Mə. The wedge can move with friction on the 
horizontal surface of the table. Calculate the accelerations (vertical 
and horizontal components) ofthe block and the wedge and their 
interactions. 

Sol. Let us denote the block as body 1 and the wedge as body 2- 
Further let us use a for horizontal 
acceleration, b for vertical accelera- 
tion of bodies with suffix 1 and 2 (7 
that is a, and b, are the rightward 
horizontal and vertical downward 
accelerations of 1 and a,and b, are 
the leftward and vertical downward 
acceleration of 2. Obviously b,=0 
as the wedge cannot move down- 
ward. 

Let ay. be the relative acceleration of 1 relative to 2 down the 
incline. Then @2cos¢ is the relative rightward acceleration of 1 


Fig. 2.33 
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relative to 2 and asina is the downward relative acceleration of 1 
relative to 2. 
Š Gy,C0Sa =a, — (— a) 
(7 relative acceleration is the vector-difference 
of the absolute accelerations) 
or 1,9COS0.— d3-1- s on (i) 
and apsina =b, — b; — b,. .. (ii) 


Consider free-body diagram of 
1 and 2. 
N sina — ma; 
—nm(acosu—aj; .. (iii) 
m,g — N cosa - mb, 
—Hdina .. (iv) 
N sina — msa; (V) 
msg — N cosa— N' — 0, 
Eliminating Q1, between (iii) 
Fig. 2.34 and (iv), 
mjgcosu— N= assina. .. (vi) 
Substituting the value of N from (v) in (vi), 


ma d 
migcosu— —359 2. m sina 
sina 


or ie Mgsinacosa a 
Mo- m sin?a 
From (iii) and (iv), 
INQ, = Maag. 
` a= Megsinacosa, 
AS Wig ae i 
m M +msin?a 


From (i), acosa = a,+a,= Urat ms)esinacosa 


Hlad-musin?a ` 


m +m.)gsina E 
Da--misin?a ` e (Qi) 


Sina =b,, 


So Gy 
From (ii), 


ob, = Ur m,)gsin2a 
nr ms)gsinta 
Tis--m;sin?a 


From (v), NP -Pumsgcosa 
sina m,-Em infa ` 
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Thus, horizontal acceleration of 1 pay EE 
mF m,Sin*a 
(m; 4-m3)gsin?a 


vertical acceleration of 1— —s— » 
ma-4-m;sin*e 
: 4 m;gsi 
acceleration of 2 (horizontal) — UTS IO FOSC: s 
T15-3-m,sin*a 


interactions Of 1 and 2=— eB Cosas 
m+ msin’a 
7" 14.2A rocket weighs 15000 kg when it is on the launching pad 
on the surface of the earth. It is fixed vertically upward and after 
all the fuel is burnt out, it weighs 5000 kg. The ejection of the fuel 
gas is at a constant rate of 5 kg/s with a constant velocity of 1700 m/s 
relative to the rocket. 


Calculate : (a) the thrust on the rocket, 
(b) the final speed of the rocket after the complete 


turnout of the fuel (neglect gravity and air resistance). 


Sol. (a) Thrust upward —u— 1700X5=8500 N. Ans. 


(b) We have for rocket motion 


dm 
Foram E ira dn 


Here Fezt=0. 


dP uu dm 
"at prd 
d 
or dv= = yer . 
m 
dm m m 
yc m = —Urel jos an loge. 
no 

15900 — 1700 log;3 = 1700 X 2:3 x 4771 
va Qoo dion “1:87 km/s. Ans. 


EXERCISES 


1 plate of mass 100 gm is balanced in mid air by throw- 
3 i E er second, each of mass 5 gm vertically upwards from 
sang ebounded with the same speed with which they 


Ils get r 
Fo bs Find the velocity with which they strike the plate. 
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2. A mass A (509 gm) is placed on a smooth table with a string 
attached to it. The string goes over a frictionless pulley and is 
connected to another mass B (200 gm). At:£—0 the mass A is at 
distance of 200 cm from the end and moving with a speed of 50 cmj 
sec towards the left. What will be its position and speed at 1—1 s? 


(IIT 1975) 


3. Two blocks A and B of 
masses, 5 kg and 7 kg are 
connected by a heavy rope of 
2 kg as shown in fig An up- 
ward force of 200 N is applied 
on A. Find: 

(a) acceleration of the 
system, 

(b) tension at the top of 
the rope, 

(c) tension at the mid- 
Fig. 2.35 point of the rope, 


4. An aeroplane requires for take off, a speed of 80 kph, the run 
on the ground being 100 metres. The mass of the plane is 10,000 kg 
and the coefficient of friction between the plane and the ground is 
0:2. Assume that the plane accelerates uniformly during the take off. 


„What is the minimum force exerted by the engine of the plane for the 
take off ? 


(IIT 1977 


5. In the system shown im 
the figure, find the accelera- 
tions of m, and m,. Take the 
pulleys and strings as massless 
and frictionless, Find also the 
tensions of the strings. 
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6. Two masses m and 2m 
are connected by a massless 
string which passes over a 
light frictionless pulley as 
shown in the figure. The 
masses are initially held with 
equal lengths of the strings of m 2m 
the pulley. Find the velocity T 
ofthe masses at the instant 
the lighter mass has moved up 
a distance of 6:54 m. The 13-08m 
string is suddenly cut at that 
instant. Calculate the time 
taken by each mass to reach 


the ground. Acceleration due EL T ile 
to gravity 2981 cm/sec?. Fig. 2.37 
(IIT 1977) 


7. A parachute of mass m starts coming down with a constant 
acceleration a, Determine the ballast mass to be released for para- 
chute to reach the upward acceleration of the same magnitude. The 


air drag may be neglected. 


8. In the arrangement 
shown in the figure the masses 
of bodies 1,2 and 3 are not 
equal, the masses of the pulley 
and the threads are negligible, 
and there is no friction in the 
pulley. Find the acceleration 
with which the mass 3 comes 
down, and the tension of the 


thread binding togetber the € Fig. 2.38 
masses 1 and 2, if the coefficient of friction between these masses and 


the horizontal surface is equal to k. Take m, mz and mg as the 
masses of bodies 1, 2 and 3 respectively. 


9. A weightless pulley is 
attached to the apex of two 
smooth inclined planes for- 
ming angle a=30° and eevee 
with the horizontal. iue 
weights 4 and B, 1 kg each, 
are attached to a light age 
passing over the pulley. gm 
(i) the acceleration with W id i 
each weight moves, (ii 
tension in the string. 


C. Y. H. PHY. -7 


Fig. 2.39 
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10. A wagon of mass M, 
length / moves without friction 
over horizontal rails at a speed 
of». ÀA small body of mass 
m is placed on the! front edge 
of the wagon. The initial speed 

Fig. 2.40 of the body is zero. aE what 
ini length of the wagon will the body not fall off at the rear 
end ? The cefficient of friction between the body and the wagon is k. 


1i. A system of two 
stationary pulleys and a 
movable pulley is shown in the 
figure. A string thrown over 
them carries at its ends weights 
of masses m, and m,, while a 
weight of mass m, is attached 
to the axis of the movable 
pulley. Findthe acceleration 
of each mass. Neglect masses 
of pulleys and friction at their 
axis. 


12. A right angled block of 
mass M rests on a smooth 
horizontal table with inclina- 
tion of its hypotenuse plane 
at 30? to the horizontal. A 
cubical block of mass ‘m’ rests 
on the inclined plane of the 
al acceleration of M relative to 
y remain stationary with respect to M, 


Fig. 2.42 


block (see figure). Find (a) horizont 
fthe table so that ‘m ma 


f(b) the horizontal force required to maintain this acceleration. 


13. In the arrangement 
shown in the figure weight ms 
slides down the vertical light 
bar with friction so that both 
weights move uniformly. 
Determine the force that the 
pulley exerts on the bar an 
the readings of the balance 
when the weights move- 
Consider two cases : (i) m= 
kg, m4—3 kg and (ii) m= 
kg, m3—1 kg. 


fm 


fri 


Fig. 2.43 
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14. Two particles of equal 
masses m and m are connected H— — 2l — ——34 
by a light string of length ‘27 
as shown. A constant force 


F is applied continuously at E 
the mid-point of the string, s 
always along the perpendicular Fig. 2.44 


bisector of the line joining the two particles. Show that when the 
distance between the particles is ‘2x’, the acceleration of approach of 
the particles is a= - s — — 

(L— x3)? 


15. Two blocks A and B of 
masses m,=4 kg and m,=8 kg 
are connected as shown in the 
figure. Find the force P requi- 
red to move B to the right with 
uniform speed. Disregard the 


mass of the pulley and assume Fig. 2.45 
it to be frictionless. The coefficient of friction between all surfaces is 
p=0'25. 


16. Two bars 1 and 2 are 
placed on an inclined plane 
forming an angle a with the 
horizontal (see figure). The 
masses of the bars are equal 
to m, and ms, and the cocffici- 
ent of friction between the 
plane and the bars are equal 
to k, and ks respectively, with 
k,>k, Find : 

(i) the force of interaction of the bars in the process of motion, 

(ii) the minimum value of a at which the bars start sliding down. 


Fig. 2.46 


rojected up an inclined plane, set at 
Find the coefficient of friction, if the 
2 times less than the time of its 


17. A small body was p 
= 30° with the horizontal. | 
time of ascent of the body is n= 


descent. 


18. A horizontal plane with 
the coefficient of friction 
supports two bodies A and B. 
B carries an electric els 
with a_ battery. a Bre 
a to A is wo 1 
anise the motor as shown 10 Fig. 2.47 
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the figure. The distance between the bar and the motor isl. When 
the motor is switched on, the body 4, whose mass is twice as great 
as that of the other body, starts moving with a constant accelera- 
tion a. How soon will the bodies collide ? 


19. In the arrangement . 
shown in the figure the mass of 
ball is n — 1*8 times as great as 
that of the rod 2. The length 
of the latter is /—11n. The 
masses of the pulleys and 
threads, as well as the friction, 
are negligible. The ball is set 
ón the same level as the lower 
end of the rod and then 
released. How soon will the 
ball be opposite to the other 
end of the rod ? 


20. Find the acceleration ag 
of body 2 of mass m, in the 
arrangement shown in the 
figure, The angle of inclination 
of the plane with the hori- 
zontal is equal to a and the 
masses of the pulleys and the 
Yb well as friction are 
X assumed to be negligible. The 
PEE mass of the body on the 
less than mg. 


inclined plane is m, and m, is n times 


21. A bar of massm is 
pulled up with constant speed 
by means of a thread up an 
inclined plane forming an angle 
a with the horizontal (see 
figure). The coeffcient of 
friction is equal to k. Find 
the angle 8 which the thread 
must form with: the inclined 
i on the tension on n 
y thread to be minimum. at 
Fig. 2.50 is it equal to ? 
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22. A gun of mass M whose v 
barrel] makes an angle a with the PS 
horizontal fires a shell of mass g 
m. The whole gun is mounted S TRUE 
on frictionless track, so that 
recoil takes place with no resis- 
tive forces. Find the recoil 
velocity of the car, and the 
absolute velocity of the shell in Fig.2.51 
magnitude and direction if the muzzle velocity of the shell, relative 
tothe barrel is v. The initial velocity of the car carrying the 


artillery is V. 


23, A truck filled with sand has a hole so that sand leaks out 
through the bottom at the rate m kg/s. Assuming the pull of the 
engine constant and it equals F, find the velocity of the truck f 
seconds after the truck starts moving. The mass of the truck together 
with sand is M. Neglect friction of the road. 


24. At the initial momenta boatis floating in still water ofa 
lake. At the end of each second a ball of mass m is thrown in the 
horizontal direction with velocity u relative to the boat. Calculate 
the velocity of the boat in n seconds, disregarding the water 


resistance. 
25. Calculate the coefficient of friction between a floor and a box 
weighing 1000 kg ifa minimum force of 600 kgf is required to start 


the box moving. 


26. In the arrangement 
shown in the figure, calculate 
the force that the man must 
apply on the rope to keep the 
plane AB in hanging position. 
The mass of the man is 60 kg 
and that of the plank 20 kg. 
Neglect mass of the pulleys 
and ropes and also friction. 


Fig. 2.52 


27. A cannon of mass M starts sliding down a smooth inclined 
ei 25 anglea. to the horizontal. After the cannon covered a 
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distance /, a shot was fired, the shell leaving the cannon in the 
horizontal direction with a momentum p. Asa consequence, the 
cannon stopped. Assuming the mass of the shell to be negligible, as 
compared to that of the cannon, find the duration of the shot. 


28. A block 4, of weight 
W, slides down an inclined 
plane S of slope angle 37° at 
constant velocity while the 
Plank B, also of weight W, 
rests on top of 4, The plank 
B is attached by a cord to the 
top of the plane. If the coeffi- 
Cients of kinetic friction is the 
same between the surfaces A 
and B and between S and A, 
determine its value. 


29. In the arrangement shown 
in the figure the masses 7n of the 
bar and M of the wedge of angle a 
to the horizontal are known, the 
masses of the pulley and the thread 
are negligible, The friction is 
absent. Find the acceleration of 
Fig. 2.54 the wedge M. 


30. A wheel of radius ‘4a’ is fastened to an axle of radius a. A 
weight of mass m, is Suspe; 


that m, descends when m, rises and vice-versa, 
to itself, prove that the upward acceleration 


4ms— m, 
16m34- m 


and find the tension in the ropes, 
may be neglected. 


& 
The masses of the wheel and axle 


31. Two blocks, each 
having mass m=20 kg, rest 
On frictionless fixed surfaces 
aS shown. Assuming the 
pulleys to belight and friction- 
less, compute the time 
required for block. 4 to move 
1m down the plane, 'starting 
from rest. 
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32. A flexible rope 10 m long, 
weighing i kg per metre, passes 
over a small frictionless pulley. It 
is released from rest with 4 m of 
the rope hanging from one side and 
6 m from the other side of the 
pulley. (a) What is the acceleration 
when a length x hangs from the left- 
hand side, (b) what is the velocity of 
the rope when it leaves the rope ? Fig. 2.56 


33. A 6000 kg rocket is set for firing. If the exhaust speed is 
1 km/s, how much gas must be ejected per second to supply the 
thrust needed (a) to overcome the weight of the rocket, (b) to give 
the rocket an initial upward acceleration of 19:6 ms? 


dropper at a rate dM/dt onto 


34. Sand drops from a stationary 
What force and power are 


conveyor belt moving with velocity v. 
needed to keep the belt moving ? 
35. A motor boat of mass m moves along a lake with velocity 
At the moment 7=0 the engine of the boat is shut down. 
Assuming the resistance of water to be proportional to the velocity, 
that is, F= —r v where r is a positive constant, find (a) how long the 
motorboat moved with the shutdown engine, (b) the distance 
covered with the shutdown engine till the complete stop. 


Vor 


36. Having gone through a plank of thickness fA, a bullet 
changed its velocity from vg to Y. Find the time of this motion 
of the bullet in the plank, assuming resistance to be proportional to 


square of the velocity. 

37. A small bar starts sliding down an inclined plane forming an 
angle a with the horizontal. The frictional coefficient depends on 
the distance $ covered as k=as where a is a constant. Find the 
distance covered by the bar tillit stops; and find maximum velocity 


over this distance. 


38. A body of 
coefficient of frictio 
applied to it, which 
Find the distance traverse 
after the force action began. 


mass m rests on a horizontal plane witb the 
nk. Atthe moment t=0, a horizontal force is 
varies with time as F—at where a is a constant. 
d by the body during the first t seconds 
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39. In the arrangement shown in the 
figure find the accelerations of M and 
m. There is no friction anywhere. 


Fig. 2.57 


40. A block of mass m Tests on 
a rough horizontal plane with which 
its coefficient of friction is bh A 
light string attached to this block 
passes over a light frictionless pulley 
and carries another block of mass 
Mma. When the system is just about 
to move, find the value of n in terms 
of m, m, and 0. Also find the 

Fig. 2.58 tension in the string. 

41. A particle 4 of mass 2 mis held on a smooth horizontal table 

and is attached to one end of an inelastic string which runs Over a 


smooth light pulley at the edge 

A fecisse of the table. At the other end 
E e P of the String there hangs 
VTL, another particle B of mass m. 
T The distance from 4 to the 


Amm pulley is], The particle 4 is 

A B then projected towards the 

. pulley with velocity u. Find: 

Fig. 2.59 (a) the time before the 
String becomes taut; 


A and Bis zs 


(c) find the common velocity when A reaches the ulle ssume 
that B has not yet reached the ground). RSEN 


42. A fixed pulley carries a Weightless t 
mass me at its ends. There is friction between the thread and the 
pulley. It is found that when my i 


ounc Sm times greater than m. the 
thread starts slipping. Find : E oy 
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43. At the moment f=0 a stationary particle of mass m 
experiences a time dependent force F=at (t— t), where ais a constant. 
t is the time for which force acts. Find : ? 

(a) the momentum of the particle when the action of the force 


discontinued, 
(b) the distance covered by the particle while the force acted. 


TEST YOURSELF 


Group A 


1. Answer the following questions— 

(i) Explain why a man getting out of a moving train must run in 
the same direction for a certain distance. 

(ii) It hurts less when an athlete for high jump lands on a heap 


Ofsand. Explain. 
(iii) An athlete runs over a certain distance before taking a long 


jump. Explain. 
(iv) Ripe mangoes fall down when the tree is shaken, Why ? 
(V) A heavy picture frame is suspended by a string passing over 
a peg in the vertical wall and attached at its two ends to two points 
in the upper horizontal edge of the frame. Explain that ine picture 
x5- 


is likely to fall if the string is too short. 
2. (i) Among the coefficient of static friction, coeficient of 
TRIN ) Od dad coefficient of rolling friction, the latter is the 


least. True or false ? / É i 
(ii) When we walk we rub our footwear in opposite direction of 

Motion. True or false ? A 
equal and opposite and so they 


(iii) Action and reaction are 
balance each other. True or false ; plane cat fuae 
i i f the centre of mass of a system is determine 
AE E he internal forces of the system. 


by externalforces only and not t 


Tue ? ; à 
A ) opes. of a system of particles is always conserved. True 
or false ? RUE 
by a thread from the ceiling of a tram 
s suspended y he speed of the car changes 


& 3. (i) A balli plied eae 
ar. The brakes are a 3 e EET E 
uni kph to zero 1n 5s. „The angle by he 
a E o lU P OEE O 
(©) tan-11/5, (d) cot 1/3. 

(ii) If you want Ta 
road, you should, (a) pus the : 
(b) Sud pict hard enough to prevent slipping, (c) ‘pum 
(d) not touch the brakes. 


st distance on an icy 
kes to lock the wheels, 
p’ the brakes, 
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(iii) A weight of 10 kg is pulled up a smooth inclined plane 
forming angle 30? with the horizontal with acceleration 3 ms”, the 
tension of the string (g=10 ms-?) is (a) zero, (b) 8 kgf, (c) 7 kef, 
(d) 5 kef. 

(iv) A body of mass 1 kg strikes a wall with velocity 8 ms? along 
the normal to the wall and returns with 4 ms. The impulse of the 
force experienced by the wallis (a)4 Ns towards the wall, (b) 4 Ns 
away from the wail, (c) 12 Ns along the normal towards the wall, 
(d) 12 Ns along the normal and away from the wall. ^ 

(v) A body of mass 10 kg falls from a height 5 m (g— 10 ms?) 
and stopped within 1/10 s on the ground. The force of interaction 


is (a) 100 N, (b) zero, (c) 1000 N, (d) 1100 N. 5x4=20 
Group B 
Answer any five of the following. 5x10=50 


4. (a) A cricket ball of mass 150 gm is moving with a velocity of 
12 ms-'and is hit by a bat so that the ball is turned back with a 
velocity of 20 ms. The force ofthe blow acts for 0'01 s on the 
ball. Find the average force exerted by the bat on the ball. 

(b) A homogeneous chain of length / lies on a table. Whatis the 
maximum length of the chain that can hang vertically if the 
coefficient of friction between the chain and the table is i ? 


5. (a) A trolley A of mass M has a small block of mass m in 
contact with it on its vertical side and 
held in position by a stop. The trolley 
is moved to the right by a constant force 
F and the stop is removed, If the coeffi- 
cient of friction between A and B is k, 
calculate the force needed so that the 
block B is just prevented from falling 


relative to the trolley. 


a (b) Three blocks of 2 kg, 3 kg and 5 kg are placed in contact on 2 
rictionless table, A Constant force of 5 N is applied on 2 kg block 


towards the other blocks, Calculate the forces of tact between 
2 kg and 3 kg and also 3 kg and 5 kg blocks. P owower 


6. (a) Two boats move towards each 
562 ts other along parallel paths 
with ciated velocities. When they meet, a sack is thrown from 
one boat onto the other and then an identical sack is thrown from 


the second onto the first. Asa result i i 
; oft S, 
and boat 2 keeps on moving i TAN E arte locity 


Neglect resistance of water. 

(b) Two men, each of mass m 
car of mass M without men, As 
find the velocity of the car after 


; Stand on the edge of a stationary 
suming the friction to be negligible, 
both men jump off with the same 
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horizontal velocity u relative to the car : (1) simultaneously, (ii) one 
after the other. In what case the velocity of car is greater ? 


_ 7. Amonkey of mass m clings to a rope slung over a light fric- 

tionless pulley. The opposite end of the rope is tied to ight of 
É É p a weight o 
mass M lying on a smooth horizontal 
plane (see figure). Find the accele- 
rations of both bodies (relative to 
the plane) and the tension of the 
rope for the three cases (neglect mass 
of pulley and rope) : 

(i) the monkey does not move 
relative to the rope; 

(ii) the monkey moves upwards : 
with acceleration relative to the Fig. 2.61 
rope; 
(iii) the monkey moves downwards with an acceleration 
to the rope. 

8. A block of mass m is y-axis 
placed on a wedge of mass M 
(see figure). Find the accelera- À 
tions of the block and wedge D 
in the reference frame fixed to 
the table, and the reaction of Ds , 
the wedge on the block. ees 
Neglect friction. Fig. 2.62 

9. A string passing over a light frictionless pulley carries at its 
ends two variable unequal masses whose sum is constant. If the 
breaking tension of the string is 15 of the weight of the sum of the 
masses, show that the least acceleration is g/4 and the least value of 
the greater masses is 5/8 th of the total mass. 


10. The masses of the blocks A v5 


and B are m and M. Between A 
and B there isa constant frictional [ A |m 
force F, but B can slide frictionlessly [B  XMj 
on the horizontal surface. A is set 
in motion with velocity Yo while B is Fig. 2.63 
atrest. What is the distance moved . a $ 
by A relative to B before they move with the same velocity ? 
Your score... 


Total marks 100 


b relative 


Answers of Exercises 
1. 9:8 m/s. 2. 11 m; 1°3 m/s. 
3. (a) 448 m/s?, (b) 128:6 N, (c) 1143 N. 
4. 442x 10 N. 
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2(2m; — ms) 2m — ms xg; 
Cb ur yes Xm, 5 77 4m km. $ 
BY p3mimss 5i T- 6myms 
s 4m; 4- ms 4m,+m, 
2ma 
q FER ——, 
6. 2:8 5,7 s. dE 
St fat ms — k(my- my) , T,= (ctDmams , 
i m-+m+m U * m+m+m; 
9. 1:0 m/s*; 5'9 N. 19. MW 


` 2ke(M-+m) 
1l. a 3mm, — 4mm, — mms xg, a, — alts — 4mm, + mm, - 
4mmg-1- mgnma-- mam; (0 4myng--myms--msgmg 


a 3mm; —4m,m4— M2MNg 
3 


4myms-- mma 4- myn; AS 
12. F—(M---m)g tana. 13. 4 kg. 15. 5 kgf. 
16. (a) F= (e, — ka)mymgcosa (b) tana — Katt ems 
m,-4-ms m+, 
17. :346. 18. t= / 20 i 3 
Sa-pkg 19. 1:4 s. 


2. a= t sina) XE. 21. tanp, e mue eine ikea) 


AES 
22. y= "vcosa — (M--m)V 3 pean 2 mu 
M+m ` M-m U^ M-mam 
25. -75. 26. 40 kgf. 27. r=200s0 -my 2glcosa. 
Mgsina 
28. :25. 29, ... £sinu —— A ERA 
M-XE2m( —cosg] ` 31. 825; 58:8 N. 


DX 
js (1-22) 686 m/s. — 33. (a) 58-8 kg/s, (b) 17674 kg/s. 


dM _ dM 
M "dar! Por See) Yo— x; Spee 
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h(vg—v) 
36. t=—- —, EVE SEE no EAM f 
NUS Yo, 3 ana; Vmaz= agut 5 
y 
38, S=—_(t-t,). — 39. U UBE MEIDSCOLUN 
6m m+Mcota m+Mcota` 


E ET _ Qu TESTIN 
E= m, —mssino 41. (9) t gt (c) v 3 : 


42. (a) n= Llogn, (b) a= m 


3 4 
gen CEO ==, att 
9) 6 (>) 12m 


Answers to Test Questions 
. See solutions. 
. (i) True, (ii) True, (iii) False, (iv) True, (v) False. 
. © (9, Gi) (b), (iii) (b), Gv) (b), () (9. 


E 
. (a) 480 N, (b) xin 


a Utm 


5. (a) F=(M-+m)£, (b) 4 N, 2'5 N. 


MV mV 
6. (a): Va— arm. "= M-m? 


2mu mu mu 1 
(b) M-+-2m ' (a 2a M+2m 


mM „ mM b): mM (g-5. 

1h ei m--M (s+); M+m 
mgsinacose , Mgsinacosa, (M--m)gsin*a. _Mmgcosa i 

s M-msin?a M-msinte ' M-pmsima ' M-F-msin*a 


mMyo" 
Gee 
2F(m--M) 


Solutions to Exercises 


10. 


e velocity with which each ball strikes the plate. 
Change in momentum of each ball=mu—(— mu) =2mu, 
If n balls hit the plate in eVery second, then rate of change o 


momentum of balls is 2mu x n. 


1. Let u be th 
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ton's law this is the force exerted by the plate on the balls 

ket balls exert the same force in the opposite direction. Hence 
for balance of the plate 2mu x n— wg where w is the mass of the plate. 
wg _ 100x10-:x9:8 


2mn  2x5x10-x100 
2. We have from free-body diagrams of 4 and B, 


Or u- 2:98 m/s. Ans, 


T-iXa 
and 18—T-— $a. 
Adding, 12-452, or a= ig 2X =2°8 m/s?, 


Since 4 is moving to the left and the acceleration is to the right, 
A is first retarded. Let us take leftward direction as the positive 
«direction. Then 
S (distance of A from the left end at 1=1 s) 
-2-C5x1—3x28x12) (formula, S= Sy-Eut-4-1a12) 
—Ll1m. Ans. 


v (velocity of A at t=1 s)—:5—2:8x1— — 1:3 m/s. 
Thus velocity is 1'3 m/s to the right. Ans. 
3. (2) Total mass of the system — 7-- 24-5 = 14 kg. 
From the free-body diagram of the system 
200— 14x 9:8 -14a 
or 4—448 m/s?, Ans. 
(b) From the free-body diagram of the upper mass 4 
200— (5g--T:) - 5x 4-48 
or T, —200— 5g —5x 4:48 —128:6 newton, 


.(c) From the free-body diagram of the port 
mid-point 


Ans, 
ion above the 


200— (Gg --7,) = 64:48 


or T,—200—62—6x 4:48—114:3 newton. Ans. 
4. 80 kph 801000 _,,. 
p E3600 22:2 m/s. 


j 22:22 =2ay% 100, or a—2:46 m/s?, 
Let P be minimum force of the engine. 
Then 


P—yumg- ma 
or —umg--ma-— m(vg--a) 
or P=104(-2%9-8 +2°46) — 4:42 x 104 newton. Ans. 
5. Let m, 80 up by x, when ™ goes down by x, Denoting the 
lengths of string on the two sides of B by 1, and J,, we have 
X+h+ x x=] 


which the pulley B comes down 
Xi-2x 


h- 
where x is the distance by 
or 
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Similarly considering ‘inextensibility’ of the other string 


around 4, 1 --x--l! — Xa lh! +h 
Qr X—3Xs 4 Xj—2X4 
or X,—2X, Or 441—245 


Considering free-body diagrams of m, B and ms, we have 
myg —T1—nids, 
2T,—T,=0 (since B is massless) 


and T3 — mag = Mog. 


Hence 1= 22m, —ms) 
4m,+ nis 


2m, — Ma 
4m +H Ma 


l= 


3m, Me 


T=- a 
Amy + Ma 


6myms 


4my3- ms AG 


m 


6. a (common acceleration) — pu E xg-£- e 3:27. m/s*. 


Let v be the common velocity acquired by either mass. 

93122x3:27x6:54- 6:545; 

a v=6'54 m/s. 

ard and it is (13:08 -1-6:54) m above the 
ground at the time of break-off of the string and the velocity of 2m is 
downward and the height is (13:04—6:54) m above the ground. 
Denoting the times of arrival by t, and ta, we have 
— (13:08 4.654) = 6545-- (9:81)? 
—19:622 6545, — $ X 9:811? 
= 6= 2, —4X3hay) OF 31,2—4t, -12=0. 


Atv 164144 —28s. Ans 
hes e : A 


The velocity of m is upw: 


or 
or 


The negative value is discarded as it is meaningless, 
— (13°08 — 6°54) = —6:54154-3(— 98D)? 
6:542 6541, -1x98ln? 
Or 2=2te+3.3t%, or 3t?-- 41, —4—0 
or (te+2)(3t2—2)=9, or f4—$—'7s. Ans. 
7. Let R be the upward thrust on the parachute. 
Then mg—R=ma, 
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Let Am be the mass of ballast to be released. 


Then R—(n— Am)g=(m— Am)a. 
Adding, Amg —2ma— Ama 

2ma 
or An Pals Ans. 


8. We have from ‘free-body’ diagrams of the masses, 
j msg — T,—msa, 
T,—-T,—km,g=m,a, 


T, — kmg = moa. 
Adding, (my — km, — km;)g — (m +m, +m,)a 
LH — k(m 4- my) xg. Ans. 
v4 pr m cmtms ^ £ 
T,= E+ Dm- ms Ms xg, Ans. 


my--ms-- nia 
i i : "will go 
9. Let B go down the plane with acceleration a Then Awi l 
up the OPES the same acceleration as the string is inextensible. 
Considering motion of the bodies along and perp. to the planes, 
T—mgsina=m,a; N,— mygcosa 
m;gsinp— T= ma; N= msgcosp. 
™mgsinB —m,gsina=(m 1-ms)a 
or q — (rissinB — msina) 
Mmy--Mg 


and 
Adding, 


Xg 


= _1sin45°— 1sin30° 
14-1 
=1 0 m/s? Ans, 
T= migsina-L ma=1X9'8 x 541% 1:0 


—4:9--1—5:9 newton. Ans. 
10. The problem can be Solved convenie 


ntly by the concept of 
ative displacement, velocity and acceleration, 
Initial relative velocity of the mass to the left 0—(— Vo) = Ys. 
Final relative velocity— 0 (since both fi 


nally move with the same 
The same limiting frictional 


speed). 
I force is effective on mand M; 
accelerated by it and M is retarded, 


; m is- 
fum — kmg — mas, 


xg- DT x98 


rel 


Or ds—kg, 
Also fim - kmg— Ma,, or ay, = kM 


Relative acceleration of m relative to M 


a (— a3) — a5 - a, - (1), 
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Using v?—y2=2as we have 


oe s a 
2kg(M-4-m) 
Thus ‘m travels a distances s relative to the w. b i 

than /, it will never fall off. par ote (LISSE 
eA 
2kg(M m) 

ines Mv? 
min oks(M-m). 


11. Denoting the hanging portions of the string by 4, le, lə, /; and 
assuming that m goes down and m, and m go up we have 
Il, Is-4- 154-1 — Il — Xi lae Xa late Xo — Xs 


or 022x,—xi1—Xgs OF 2 xg Xi- Xs 


lzs or I 


Ans. 


or 2a,=4, d3- 
We have from free-body diagrams of my, ns, Ms, 
T—mg =m, aoe mali) 
msg —2T = Ma4; os (eH) 
T—msg —nmgds Aa (611A 
Adding, (my — my —mg)g = mad; M2427 3% .. (iv). 
Subtracting (i) from (iii), (m;— msg)g = Ma3 — mid; (v). 


Putting 2a,=4a;,+4; in (iv), 

2(my — m, —ms)g = 2m4, + ms(d3 1-45) d- 2a 
or 2(mg — my —ms)g = a (2m M2) -ras(ma-- 2ms) 3) GA 
Eliminating a between (v) and (vi), 

(m+ 2m)(mı— ms)8 = ms(ma-|-2mg)as — my(ma--2ms)as 
2mg(ma — my — ma = ay(2ma 4- mg)mg4- agma(ma-1- 2m). 

1 0 3mm- Amm — mns 

Subtracting, 41 = —“Amymy+ mMm} sts XE: 


Exactly in the same way 
3mma — 4MM — MMs í 
_ 3mm — 4MM TST x g (replacing 1 by 3 
3— ^41, mg F manta MMs gacceplacing a 3 by 1) 


ma — 4mm, - mm 
= malls 1 Se. NEATIS. 
4mmz+ MM + miss 


acceleration of m down the incline relative 


ds 


12. Let a be the 
to M. 
c, y, H, PHYS 
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Then acosa=relative horizontal acceleration of m to the right 
relative to M. 

asino- relative vertical downward acceleration of m 
relative to M. 


& acosa=az— bz 
where az- absolute acceleration of m to the right 
b,= absolute acceleration of M to the right. 
asina = ay —0 — ay 
where ay=absolute vertical acceleration of m. 
Let N be mutual action and reaction between m and M. 
Considering horizontal motion of M, 


F— Nsina = Mb; 
or F— Nsina = M(az — acosa) 3o ED} 
Considering vertical and horizontal motion of ‘m’, 
mg — Ncosa = may = masina : (ii) 
Nsina = mas .. (ii). 
Eliminating az between (i) and (iii), 
: M y 
F= Nsine( 1+!) — Macosa +» (iv). 


Eliminating N between (ii) and (iv), 


Fcosa— mgsina( 1 + x) 
a= m 


.M -- msin?a 


t This is the general expression for the acceleration of m down the 
incline relative to M. 


Here a=0, .. Fcosa= mgsina(1 +i) 
m 
or F=(M-+m)gtanu. Ans. 
Alternative method (a simple method) 

When a=0, az= by 

and ay=0. 

^o F—Nsina=Mu, 

mg = Ncosa 


Nsina= maz. 


 F=(M+m)a,z Or az=b,= z 


Apt Ans. 


Also, F—mgtana- Mx E 
. M+m 


or F=(M+m)gtana. Ans. 
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13. Consider motions of m, and mg. 
T—myg= 0 (as m, and m, move with uniform speed 
there is no acceleration of them) 


or T=mg. 
meg =fj7r—T=0 where f;,—frictional force on mg 
or Sir (my—my)g. 


The pressure on the rod=27-+-f;,= 2mig +(m—m)g 
=(m,+m,)g=(1+3)g=4 kgf. 
Thus in both the cases reading on the scale is 4 kg. Ans. 
14. Let N be the reaction of the support on each of the masses. 
Considering motion of the knot ‘0’ 


we have 
F—2Tcos0—0 
or F=2Tcos0. 
Considering motion of each 
mass 
N=Tcoso 
ma 


and Tsin0—ma or T= Sno’ 
SIL. Fig. 2.64 


F- 2( 22 eos 
sind 
2 


or F=2macot0=2max VP = 


Bre $ —— Proved. 
2m „Bx 
15. Consider ‘free-body’ diagram of B. Here N is the reaction 


ofthe table on B and N’ is the 
. weaction of A on Po 4 N 
We have N=N’--mog N 
and P—n»N'—»N—T=0 TARDUS 4 
or P=u(N+N')+T 
or P—T=)(N+N—meg) N 
or P—T-22uN —um;g. 
From free-body diagrams of 4 "m 
T-yuN' 29 
and N'=mg A 
T-yum£g 
and N — (mg +128). Ma 
2S P-umg BN! 
—2u(m,g 4- mag) — Hg 
P= 3pm g + umog mg 
P = u(3m, + mg Fig. 2.65 


=-25(3x4+8) Xg = 5g newton 
P=5 kgf. Ans. 
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16. Let N, and N, be the reactions of the plane on 1 and 2 and F 
is the force of interaction between them. 


From free-body diagrams of 1 and 2 we have 
msgsina — kym,gcosa+ F= ma 
mogsina — k4msgcosa — F = m,a. 
Eliminating a between these two equations 
F- (Kk, — ka)mymsgcosa 
m;4-ms , 
(b) When the bars just start sliding, a=0. 
m,gsina —k,m,gcosa+F=0 


Ans. 


and msgsina — kamsgcosa — F — 0, 
Adding, (m; 4- mg)gsina = (kımı + kom3)gcosa 
Or tana = Fami kama Ans. 


mi-rms 


17. Retarding force up the plane = mgsina-- kmgcosa. 
Retardation up the plane = gsina+kgcosa. 


Let u be the velocity of projection and s is the distance by whick 
the body goes up the plane. 


Then u= (gsina +kgcosa)t where t is the time of ascent 


and u=2(gsina+kgcosa)s or s= ut 


ao Ls 
2g(sina+ kcosa) 
During the return journey, 


force down the plane= mgsina — kmgcosa. 
acceleration down the plane — gsina — kgcosa 


u? ; 
* 2g(Gina--Reosa) ~ i (Sinu— kcosa)r^ 
where t’ is the time of descent, 1’=nt (given). 
u? LSA 
2g(sina-+-keosa) = 7 8(sina = kcosa)n?, 


u 
8g°(sina+kcosa)? 
or 1 = (sina — kcosa) 
SS OS 
Sina+kcosa 
or 


Sina +kcosa= n?sing — kn®cosa 


2 
or Ens 
md tana 


2:-1 
LX Pal tan30°=%‘577='346. Ans. 
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18. Let a and a’ be the accelerations of A and B. 
Let T be the tension of the string. 


Then T—k2mg =2ma 

T—kmg=ma'. 
Subtracting, kmg — ma' — 2ma 
or kg —a' —2a. 
Now s-ia? and  s'—ja'? 
and s+s' =l. 

& at? +}ła't? =l 

or tat®?+i(kg+2a)t?=1 
or t= "i xin . Ans. 


19. If the ball goes up by xı, the bar will go down by 2x, during 


the same interval. 


Xs—2x, OT X,-2X, Or 4$—24;. 
From free-body diagram of the ball 
T— mg =m, 
or T=m;8+ nsa, eo. 
From free-body diagram of the bar 
mag — T! = masas — M224, 
or T' «mg —2mst;. 


From the free-body diagram of the movable pulley 
T-2T'-0 


or R= 27 or T=2m,g— 4m4 oc" (DE 
Fr i) and (ii 
ome) (D m,g 4-msa, = 2msg — Amst 


2ms—n xg, 


IO d m; -- 4m» 
Since m,-— nma (given), 
2-n, 
As ae 
22— My 
and TEE TEN 
f 1 relative to 2 


Relative acceleration o 
3(2— 3(2—n) 
=a,—(—42)= aD aE E 


Initial relative velocity =9. 
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Relative displacement of 1 relative to 2— [, 
3(22—n) 5 Se 
= $RL—— st fi — yot J- lar 
1=0xt+} n4 5 (from s— vt 3a?) 


Ri rm CE) 

NO Ws 3g: 5) 

= / 2x089 — / 2x55 ES d 
3x980—18) M 3x98x:2 1409. Ans. 

20. From the fact that the lengths of the Strings are constants, it 
follows that when m, is pulled up the plane by x, m, goes down 
by 2x. 

Xo—2xX, or X_= 2x; Or 453—2a,. 

From the free-body diagram of m, 


T- mgsina=m,a,=m,X 3 
or 2T—2mgsina=m,a, sor (0 
From the free-body diagram of m, 

Dg — T' — mas, 
From the free-body diagram of the massless mov 


able pulley 
L= 2h 


or 2mog—T= 2misas. 


Gi» 
Eliminating T between (i) and (ii) 


D 
H 


axe 4m, — 2m,sina 
™ +4, 
It is given that mg-—nm, 


or a, - 2n — sina) 


21. Conside 


Ting motion of the mass a] 
MUN ong and 


perp. to the plane 
Tcosp — mgsing — kN=0 

TsinB-- N— mgcosy 

N -mgcosa — Tsing 

TcosB — mgsing — k(mgcosa—T: sinB)= Q 
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or T= mgsina+kmgcosa 


Cosp--ksinp 
Put k= tan. 
Then gp. "sin(a--2) 
cos(B—2) ` 


Obviously 7 is minimum when cos(B—A) is maximum, that is, +1. 
Tis minimum when cos(B—2) — 1. ‘ 
or B—220, or f-a. 
Thus Tis minimum when k=tanB. Ans. 
Tmin= mgsin(a-4-B) = mg(sinacosp-- cosasinp) 


x 1 
or Trin =me( sina ——— cos) 
Vite © VIFF 
i k 
. mg(sina- cosa) ns 
v i+k 
22, The horizontal component of the relative velocity of the 


bullet = vcosa. ii 
Let the absolute horizontal velocity of the bullet be v'. 
Then vcosa=v'—(—w) where u is the velocity of recoil of the car 
y' = ycosa — u. 


or Tmin 


or 
From the law of conservation of momentum along the horizontal 


(the system is free from external force along the horizontal) 
(M+m)V = — Mu- m(vcosa — u) 
from which 
ya myeosa— (M+m)V Yaw 
M+m 
23. Instantaneous mass of the truck -(M-mt). 


Instantaneous velocity of the car —v (say). 
Instantaneous momentum of the car = (M — mf). 


By Newton's second law, ro4(M- mt)v} 
Fdt = Mdv—md(vt). 


or 
Integrating, Ft=Myv—myt-+c (a constant) 
At t=0, v=0; c- 0. 
Ft-Mv—mvt 
Ft 


"= mt" 
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24. Let us denote the velocity of the boat in rth second by vr to the 
left (assuming that balls are being thrown to the right) and that in 
(r-- 1)th second by vy: to the left. Let u’ be the absolute velocity of 
the ball to the right when it is thrown at the end of rth second and 
beginning of (r-4-1)th second. 

Then z (relative velocity of ball relative to the boat) 

=u! —(—vp)=u'-+ vy 
or u'—u-—v. 
Considering *conservation of momentum to the left? 
(M —rm)v — (M — rm—m)v.4— m(u— v) 


or (M—rm)vy= (M —rm —m)ve4 —mu--mye 
or (M —rm— m)v,—- (M —rm —m)rraa —mu 
mu 
or Vr41— Vp = ——— . 
a M-(ribDm 
Putting r—0, 1, 2, 3, asses 
mu 
W—VYy= 
1 9 M—m 
mu 
Yg—Yi— 
| M-2m 
Vg — Vg = I 
M —3m 
mu 
Yn —Yg-4— 
M —nm 


Add, m=n4 M 

jae ong M-nm ` 

Since the boat is initially at rest, Vg -- 0. 

Sols Ans. 
M —nm j 


25. Let m be the mass of t i i 
angle a to the horizontal T gna or Mi 


5 yg 


Considering horizontal and vertical motion of the box we have 
Pcosa— uN-Q0 


Psina-- N — mg=0 
& Pcosa=pN= u(mg — Psina) 


and 
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or Prue LITE: 
cosa Fusina 
Put p tan. 
Then a pmgcosh 
cos(a — A). 
Obviously P is minimum when cos(a—A) is maximum, that is, 1, 
or a=. 
Pmin= wngcosh= umg. 
y lF 
umg 
or ` Pmin= -F 
arl 
< 1000 x 
M Ed 
ATE! 
or 6.7 FI =10n 
or 36(2+1) = 10002, or 36— 64" 
or p= f= +75, ANS. 


26. Let T; and T; be the tensions of the two strings. 


‘Consider ‘plank--man’ as a system. 
n this system are: img, downward and 


The forces acting ©: 

(Ti+ To+Ts) upwards. 

mse T+To+Te- von) 
dering *free-body" dieeten of the movable pulley 


Consi 
EA T 
or Ta= ^. 
uU 
and Ti 8 
Here, m=20+60 =sdkg. <- Tı=40g= 40 kgf. 
The force to be exerted by the man is 40 kgf. Ans. 


27. Since 
after the shell is fired, 
down the plane, i 


due to gravity mu 
by the force exerted by the pem-- 


shell. By New 
same force is ex 
cannon on t 


shell. 
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Let us take downward along the plane as x-axis and line perpen- 
dicular to the plane as y-axis. 


a 
rf (initial momentum of the shell)=mV i y 
where V=velocity acquired by (cannon-shell) before firing 
— 4/ 2glsina. E E 

p (final momentum of the shell) — pcosa i +psina j. 

F (force exerted by the cannon on the shell)= d 
where + is the duration of shot T * 

hh Fe (pcosa — mV) i -rpsina j 

mU) PSIG Ji^ 
T 


> —mV 
X-compoment of this force = ZCO- mV 
t 


pcosa—my 
eI 


= Mgsina 
t 
or pa POE mV 2glsing 4 


Mgsina 
28. Since A tends to slip down, frictional forces act on it from 
both sides up the plane. 
Let N be the reaction of the Plane on A and N’ be the mutua? 
normal action-reaction between 4 and B. 
We have from the free-body diagram of 4, 
N’+mgcosa=N 


and mgsina=p(N-+N’), 


Fig. 2.67 


Fig, 2.68 
From the free-body diagr: 


Tam of B, 


—nmgcosa; 
mgsina--uN' =T, 
^ 2mgcosa- N 
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and mgsina — u(2mgcosa-|-mgcosa) 
or K u— $tana; 
à pn-jtan37?5—1x2—' 25. Ans. 


29. Let a be the acceleration of m down the incline relative to M. 
Then acosa and asina are respectively leftward horizontal and vertical 
downward relative acceleration of m relative to M. Let a; and a, be 
absolute leftward and ‘vertical downward’ accelerations of m and 
b, and by are absolute rightward and ‘vertical downward’ accelera- 
tion of M. Obviously 5j — 0 as M has no vertical motion. 

acosa—-ag—(—bz;)-az--b; ('. relative acceleration is vector 

difference of absolute accelera- 
tions) 
45 acosa — b; 
and asina= ay — by =ay - 0— ay 
or dy — asina. 


Necosa 
^ 


Fig. 2.69 


+ free-body diagram of m (resolving forces along the hori- 
rom free- 


ertical) E 
zontal and v Nsina— Tcosa =maz= 


mg — Ncosa— Tsina— may i 
-body diagram of M (consi 


m(acosa — bz) 
=masine, 
dering only horizontal 


From free 
motion), T-1- Nsina — Tcosa = Mbr. 
E : down 
: ing remains tensioned, the dip C MEER: is 
Since the oe eat to the rightward ta Na leat mes He 
aS ane raat of m relative to M down the plane is eq 
elative ace 


à cleration of M. 
absolute rightward acce n oa-b. Q 
3 cosa = macosa— ma par LAE 
»  Nsina- Tcosa — mà d (ii) 
E Ki = masina gor ME 
mg — Ncosa - Tsina .. (iii) 


Nsina.— Tcoso — Ma. 
and da 
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We have to eliminate N and T and find a, 
Eliminating N between (i) and (ii), - 

T= mgsina-+-macosa—ma. 
Eliminating N between (ii) and (iii), 


T- mgsina — masin?a — Macosa 


1— cosa i 
p mgsina+ macosa — ma — "510a — mes Macosa 
mgsina— mgcosa — ma(1 —cosa)?= mgsina — masin?a — Macosa 
Or ma(1— cosa) = m 
or 


mgsinacosa +ma(l — cosa)? = masin?a-- Macosa 


a EA mgsinacosa 
Mcosa --m(sin?a — 1 4- 2cosa — cos?a) 


m mgsinacosa 
Mcosa+ m(2cosa — 2cos?a) 


mgsina 
[/ 1] ————— S > 
9t M 4-2m(1 — cosa) 


~. bz (abs. acceleration of M) = mgsina 


MY3m(ü-coss: 4"* 


:30. Let m, go down by x4 when m 
wheel system rotates through 0. Then x,=a0 and X= 4ad. 


Xa—4XQ OF Xs=4x, 
%=4a, where a,— acceleration of Ms 


4, — acceleration of m,. 
For downward motion of Mo, 


M2 — T, = mas = 4msad,. 
For upward motion of mı, 

i Ti-myg-ma,. 
Considering moment about the common axis, 

T,X 4a=T,xa 
W h 1 ee 

€ have to eliminate T, and i i 

with the help of (jij), “0° Tato find a, between (i) 


mig — 4T, — 16m,a, 
and Arg — T, — 16 may 
ED i-mg m0. 
Add, (4m,—m,)g= (1675 -m;)a, 
or a= Am, — m, 


Töm Fm, Xg. Proved. 


ı 80es up by x, and the axle- 


= (i) 

Se (0) 

. (iii) 
and (ii) 


LESSON 2 125 


2S 


31. Obviously the displacement of 4 down the incline 
the displacement of B to the left. SEU 


Hence A and B will have a common acceleration. 
From free-body diagram of A (for motion down the plane only). 
mgsina — T — ma y 
and for horizontal motion of B, 


T-—ma. 
mgsina =2ma 
or a=igsina = }gsin37°= 3 X9°8x § 
(because the wedge is 3 : 4 : 5 right angled triangle) 
or 4—2:94 m/s*. 


1=0x1+4X294 (from s=ut+} ft). 


ZAPA 
t= ao PEN Ans. 


T (tension) =20 x 2:04 —58:8 newton. Ans. 
32. Let x be the instantaneous length on the left side. 
Then (/—x) is the length on the other side. 


a (instantaneous acceleration) = Minia 
mtma 
_(J=x)m—xm 
(I—- x)nd-xm 
or » azg- (1- 232 Ans. 


dv 2x 
Lc p 
We have a ( i y 


(s a-z? and the minus sign is put to account for the fact 
t 


that when v increases x decreases) 


dv dx_(2x_ 

or En -«( d 

or y dv= (7 — 1)eds (sm zav). 
Integrating, Į = SE gere (a constant). 


Here [210 m, y=0 when x=4m. 


2 
0-87 -g4te 
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198—- 5:9 ye EVE 
P gx+_e4 104 
or b= 8(4—x) - Eaton) 


or y= 2g(4—x)— 5 (49). 


When x=0, v= 28 X4— 39g— 31g, 


& ve / 28993 -6:86 mjs. Ans. 


33. (a) Forward thrust in a rocket= Urel 2M 
Here to overcome the weight 6000 kgf force is to be generated, 
~. 6000g= 10004, C7 uper 1 km/s= 1000 m/s) 


ds pa —6g8—6x9:8—58:8 kg/s. Ans. 


(b) F— 60005 = 6000 x 19:6 
F — 6000(9:8 4-19:6) = 6000 x 3 9:8 — 10902M.. 
t 


M 6x3x9:8—1764 kg/s, Ans. 


34. Retarding force generated by sand drops 
=rate of change of momentum 


ey M. 
dt 
Let F be the force needed to keep the belt moving with uniform 
velocity. Then 
dM do i 
F- VT =0, ("acceleration =0). 
_ dM 
= Ve Ans, 


Power= force x velocity=vxp ae =y dM 


di^ Ans. 
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35. We have, F= —rv=ma where a is the retardation produced 


£ 2) CS ie 
or —ry- mn bi ae a d 
Integrating, logy= -itte (a constant). 


At the moment t=0, v= Vo. 


= loense a logy= ~~ t-+logy, 


ele 
m 
or = Ve 
Obviously, v2 0 when t=. Ans. 
dy 
(b) We have, =m 
eed, xe _ dx 
Ema (sed) 
or dv= — dx. 
m 
Integrating, v= -> x+c (a constant). 


At the initial moment v= v, and x=0. 
zs oc. 


V=Vo— tx. Ans. 
m 
At the final stage v=0. 


r my, 
da Q — v — 7 Xtotat; or Xtotar- — 5. Ans. 


36. Here F= —ky? where k is a constant 
=ma where a=retardation (a variable one) produced 


=m dv 
dt 
or £ = —c¢cy? where c= E (another constant) 
or dr cdt. 
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Integrating, — 2 =-—ct-+a constant. 


When t=0, v=Vo- 


= l .the constant. 


Yo 
MELDE Ve. 
v Vo 
or ae WERE or t=” a "QS 
Y v Wo CYVo 
To find c we write the equation in terms of distance. 
dy a 
= ey 
dt 
dy 3 dv dv, dx dv 
— = — CV? oae te de E + 
1 dx Eae ( d dx di 2) 
Or e — dx. 
y 
Integrating, logy = — cx-ra constant. 


In the beginning x=0 and v—». 
«<. logy,- the constant. 
5 logy=—cx+logyy. 
When x=h, v=v (given). 
<. logy=—ch+logyg 


or h — logo. ja A 
calos = KOE Ea n 108. .. (y 


j- h(vg — v) am 


Vo * 
vovlog 9- 
o 87 


37. Consider free-body diagram of the body (fi i : 
the plane only). j Yiatene movie’ doy 


mgsina —kmgcosa = ma= mf», (* a= 2) 
; f 


It is given that k=as. 


a mgsina—asmgcosa e m, "7" , (= dv_dv ds 2 
ls Ee ed 
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or gsina —agcosa X s= ydv 
ds 
or gsinads — agcosa X sds— v dv. 


2 2 
Integrating, 5 =gsinas — agcosa*- +a constant. 


In the beginning s=0, v=0. 
^. 0-0—0--the constant. 


x? z A 
4. -88nexs— $agcosas?, - (i) 


When it stops, v—0. 
4. gsina X s= }agcosas? 


or s= tana: Ans. 
a 


Differentiating (i), ^ —gsina— agcosa X s. 


When the velocity is maximum, dio 
eti 
or s= — tana. 
a 


á Ib s 
40 Vimar gsina x tana — lagcoso x zu tan?a 
a 


Vmax = y £ sinatana - Ans. 


38. Since the force varies with time, the body will not start 
moving immediately because unless the force attains the limiting 
frictional force, motion will not start. Let the motion start after 


to Then å 7 
F=at,=kmg where k —coefficient of friction 
k 4 
or t= ze : +» (i) 


So till £< fo s=0. 


dy 
At the instant t> fo, F=a(t—t))= mī 


a 
=—(t— t 
ái dv = (t—t))di 


C. Y. H, PHY.-9 
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Integrating, v= Zie — tg)? 4-a constant. 


At the moment t=f, v=0; 
0 =the constant. 


a Qa 2 ds a A 
S p= —.p(t—-t or ==- —(t— tg)". 
m 1-1)", dt 2m =t) 


Integrating, G eg — t9)? +a constant. 


Atthe moment t=f,, s=0; 
the constant =0. 


4& s= ut Ans. 


39. When m goes down by y, the wedge M moves to the right by 
ycota. Thus if downward acceleration of m be ay and rightward 
acceleration of M be bz, then 

ay=y and be=y cota — aycota. 
Considering free-body diagram of m (for vertical motion only), 
mg — Ncosa— may co (i): 
Considering free-body diagram of M (for horizontal motion only) 
Nsina— Mb;— Ma,coto. T (ii). 


Fig. 2.70 
Eliminating N between (i) and (ii), 
—mgsina — Neosasina= maysina 
Nsinacosa— Maycotacoso; 


Add, mgsina = ay(msina.-4- M. Cotacosa) 


Geers mgsina M mg 
Sina(m+Mcot*a) ^ m-LMcotig* ines 


PE - 3 a! Sa 


——— wA mnn 
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And Peon sein — T ? 
cl ot m+ Mcot®a ans 
40. Considering free-body diagram of mı (resolving forces along 
the horizontal vertical), 


mjg —msgsino " m; —nmssine * 


41. (a) When A is projected to the right, B falls freely under 
gravity. The string is tensioned when A and B travel the same 
distance. Let t be time in which they cover the same distance. Then 

ut (distance described by 4)—38!* (distance covered by B) 


Tcose—pN=0 
Tsin0-4-N —mg. 
^ Tcos0— —Tsin0),, or T= .— H"h8 . 5 
u(mg in9) COS0 4- uisin en 
| Considering free-body diagram of ms, 
T—ms;g-0 
1 T=mg. 
4 ^ umg 
& mag — —35— 
| y es cos6-+psin8® 
| 
Or p= Ecos or spa acos Ans. 


or t age Ans. 
& 


(b) Let v be the initial common velocity. When the string is 
tensioned, the two bodies experience the same impulsive force but in 
! ^ the opposite direction. 
Change in momentum of A=2my;—2mu=2my—2mu. 
Change in momentum of B= mMy— Mintttai. 


But situ = 8.0 =8. = 2u. 


+, Change in momentum of B=my—m.2u, 


| u By Newton's laws of motion, 
(2mv —2mu) = — (mv —2mu) 


or 3mv=4mu, Or Tr Proved. 


(c) Let a be the common acceleration. 
mg — T —ma 
and T=2ma; 
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n yer, 
& y—w-2 3 


where l’ is the distance covered by A or B with acceleration. 


Now, I-I'-Eut- I pu. 
pap 2 
i 
Here n=l, 


—l6u* 2g (EUAN 165 2g] — 4u? _ 4u?+ 691 
wo tee $9) OE, OL Ee omar 


v= v Ans. 


42. (a) When the difference of tensions on the two sides of am 


element of the string is equal to the 
limiting frictional force on the element, 
the string begins to slip. 


-. dT=dfiim=udN where dN is the 
normal reaction on the element, 


Let dd be the angular width of the 
element. 


Then aN TT GE Tdo. 


Fig. 2.71 


4 dT—yTde 
Or = = udo. 
p ^e aT ; T, 
Integrating, [ S255 af dé, or log-2=pm. 
T T, 
T 0 


1 


But m;g—T,—0 (since ms has no acceleration) 
OT T= mg. 


and T,=mg. 


log." yin 
m; 


~ 
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or logn=nr, (e Mein (iven) ) 
mı 
or u= logn: Ans. 
T 


(b) Now msg —T= m:a where a=common acceleration 
and Tı— mg = ma. 
Ta __m{g—a) 


TAE Ea) 


Now Tee and ^ic 
Ti m; 
n= Mea) 

gta 
or a= NR g. Ans 
43. (a) Since F— at(:— t), the force acts for. x seconds. 
Now E dp. 

dt 

S P ati) 

or dp —at dt — at?dt. 
Integrating, p= $a: t? — jat?--a constant. 
At the moment t=0, p=0; 


«<. the constant=0. 
S p= fat t? atè. 


3 
3 T" 
Fort=t, p=jat.?—fat= ^ . Ans. 


b eue UI im 
TINO m 2m $ 3m 
or ds= £ tdt- 9 qsgi (* ds : 
2m 3m arn 
- VS er S PUN 
$——— bt è 
Integrating, Emn 12m +a constant. 


At the moment t=0, s— 0; 
4 the constant 0, 
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Sete eer as Ye 


= ———1 
6m 12m 


a act aq 
6m 2m 12m“ 


For t=1, s Ans. 


Solutions to Test Questions 


1. (i) Aman runs fora certain distance after alighting from a 
moving train to maintain the same relative velocity of all parts of 
his body relative to the train so that he may not fall forward due to 
inertia for rest of the lower part of his body and inertia for motion 
of the upper of his body. 

(ii) Because of greater distance and hence greater time in which 
his motion is stopped, he experiences less force. 

Gii) An athlete runs over = certain distance before taking a long 
jump to gain inertia for motion so that he may take longer jump. 

(iv) Due to inertia for rest ripe mangoes get detached from their 
weak stem. 

(v) Suppose 2/ is the length of the string and 2a is the distance 
between the points on the upper edge of the frame where the ends 
of the string are attached. Then inclination of each part of the 


string with the horizontal is cos ME. If T is the tension of the String, 


then for equilibrium of the picture we have, 


W=2Tsind=27 Ji 1-7. 

Thus it is seen shorter length means greater tension. 
picture is likely to fall if the length is too short, 

2. (i) True; (ii) True; (iii) False; (iv) True; (v) False, momentum 
is conserved only when the external force on the system is Zero, 


3. © (©; Gi) (b); Gii) (b); (iv) (b); (v) (d) 


4. (a) F= Change in momentum 


So the 


Time 
= 150 x10" x 20— (— 150 x 10-*x 12) 
“Ol 
or F=480 newtons. Ans. 


(b) Let x be the maximum length that can hang freely, Mass of 
the hanging part is xm where m is the mass per unit length. The 


driving force on the rest is ‘xmg’. The limiting frictional force on 
the rest of the chain is p(7 —x)mg. 
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4 “. xmg=n(l—x)meg. 
SA xu ins. 
E ns. 


5. (a) The ‘free-body’ diagrams of M and m are shown. 


Here fum=limiting frictional N 
force; R=interaction between M 


and m; XN reaction of the ground. f flim 
Considering only horizontal | 24 
, motion of M. c= RR 
F—R-ma 
or R=F-Ma. pa i) 
Considering both vertical and M mg 
ds horizontal motion of m, 3 
fum-mg, or kR=mg Fig. 2.72 
C^ fum —KkR) 
Or REZE: omi 
E Gi) 
and R-ma. 
m= 7E, or a=. -. ii) 
Substituting (ii) and (iii) in (i), 
"E =F-MŽ , or F= (M+m) 5. Ans. 

(b) Considering free-body diagram (only for horizontal motion) 

we have 5—R,=2a 
uN R,— R,=3a 
R= 5a 

Add, 5=10a or a=} 

& R,=5-1=4 newton: Ans 
R,=2'5 newton. Ans. 

6. (a) Let v, and v, be the velocities of the boats 1 and 2 respec- 
tively. Boat 1 is moving to the right and boat 2 is moving to the 
left. 

The sack from 2 brings leftward momentum to 1 by mv, and the 
sack from 1 carries away ‘rightward momentum’ by my,. 

Net momentum (rightward) of boat 1 after exchange of sacks 
—(M--m),—mv,—my,-0 

(as it stops after exchange) 

or My, 7 mvs. -20 (i): 


Similarly, net leftward momentnm of boat 2 
—(M-Em)v, my, —mys 
=(M+m)V (given) 
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morty) re ey EU 
jig M--m Vy cor M--m S M+m e 


Putting (i) in (ii), 
M ios m? ae 
Mym °> (M4 mM? 


or 


p 


_ M(M-4-m)V _ MV 2 
SB m (M--m(M-m) M-m ^S 


Ans. 


(b) (i) Let v' be the velocity of the car to the left after both men 
jump off simultaneously to the right. Let ug, be the absolute velocity 
of the men to the Tight after they jump off. Then eae 

u=Ugo—(—v') (~ relative velocity is the 
vector difference of absolute velocities). 

Since the system is free from external forces in the horizontal, 
momentum is conserved in this direction, 

Considering Conservation of *momentum to the left we have 

0—Mv —2mugy= My —2m(u—y') 
, 2mu 

or v= MFN Ans. 

(ii) When the first man jumps off, 
0=(M+m)y'— Muay 
(M -m)v 2m(u— y^) 

r mu 
"i MER 


or 


. Letv” be the velocity of the car to the left When the second man 
Jumps off. Then 


U= ugp— (— v") 
or Uap—u—y'. 
Considering conservation of momentum to the left, 
(M+m)y' = My" — MUab 
=Mv" —m(n—y") 
—(M--m)y' — mu 


or y'—y'- mu 


M--m 
jpeg mu mu mu 
or No z2Vip c a LL PANEL 
M+m — Mom "MENS 
or y= mu 


m LE j 
M+m ` M-c2m ^) 


y- 
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Obviously velocity in the second case is greater than the velocit 
in the first case. 


7. Let a be the absolute upward acceleration of the monkey anc 

a’ be the downward absolute acceleration of the rope. Obviously a 
is also the rightward acceleration of M. Then 

b=a—(—a’) (*. relative acceleration is the vecto: 

difference of the absolute accelerations 


or b=a-+a’'. 
Considering upward motion of the monkey, 
T—mg-ma. se (di 
Considering rightward motion of M, 
T=Ma' - M(b — a). we (e 
Eliminating a between (i) and (ii) we get T in terms of b. 
mM ` 
TREM - (gb). 
(i) b=0. 
mM 
. E "RATIS? 
"RN MEMS fm 


somno mM 
(ii) damus ri curd) Ans. 


(iii) Now b is to be replaced by —b. 


M. 
a T=- (gb). Ans. 
maar P 
8. Let a be the relative acceleration of m down the plane relative 
to M. Let a; and ay be the absolute rightward and vertical downwarc 
accelerations of m and b; be the leftward acceleration of M. 


Ncosa 
+ 


Fig. 2.73 


Then acosa—a; —(—b;) ("~ relative acceleration is the vecto 
difference of absolute accelerations 
acosa — az -bz 
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and sina=a,—0 (as M has no vertical acceleration) 
—dy. « 
Considering motion of m along the vertical and horizontal 
direction, 


mg—Ncosa=may, or mg—Ncosa=masina - @ 
Nsina = maz or Nsina=m(acosa— bz) .. (ii) 
Considering free-body diagram of M (only for horizontal motion), 
Nsina = Mbs +. (iii) 


Putting the value of N from (iii) in (i) and (ii) we have, 


Mb, A 
mg ———* cosa = masina 


sina 

or mgsina— Mb;cosa = masin?a. .. (iv) 
Mbz— macosa — mb; 

Or (M-E-m)b, — macosa co AGA 


Dividing (iv) by (v) to eliminate a and find bz, 


mgsina— Mb;cosa ^ masin?a 


(M--m)by macosa 
or mgsinacoso.— Mb,cos*a = (M -- m)b;sin?a 
on bee mgsinacosa 


M -- msin?a ` 


M Mmgcosa 
N= b= ; 
sina ©? yr ++ msin®a 
Putting the value of N in (i) we have the value of a, 
Mmgcos?a A 
NE oe 
g M4+msinsg "sina 
or a= (M-tm)mgsima _ (M-+-m)gsina 
(M-+-msin?a)msina M--msin?a 


(M 4-m)gsin?a 


b 0, asina— 2 
A y M4-msin?a 


and ag=acosa—b,= + m)gsinacosa_ — mgsinacosa 
M-+-msin?a M --msin?a 


_ Mgsinacosa 
M 4-msin?a ` 


Thus, acceleration of y= TesInocosa" Ans. 
M -4-msin?a 
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Mgsinacosa 


P NPATIS: 
M 4-msin?a 


Horizontal acceleration of m= 


in? 
Vertical downward acceleration of m- Memesini . Ans. 
M--msin*a 


Mutual reactions= SHUT GCOSG Ans. 


M -4-msin?a ` 
9. a (acceleration) =”4— Peg, 
mı +m 
Here mı+m,=M (a constant) 
my — nts ; 
or dee ee 1 
v (i) 
h 2mm TM ji 
T (tension) ==! Or mm, == e Gl). 
( ) Em Ma 2g (ii) 


Squaring (i), a?= ur (m, — m)? 


Or at = 8 (mm; — Amim] 
— EB Ire ted ] 
=j L ET 


, Obviously acceleration is the least when T is maximum. It is 
given that Tmaz= breaking weight — $$ Mg. 


dX : 
s atmin= (25 EME g -£ 


16 
Or amin =<. Proved. 
. £g mM 
^4 M g 
M 
or mi a 
But m+m,=M 


S ™m=5M and m= 3M. 
Thus the least value of the greater mass=§ M. Prov 
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10. The same frictional force is effect 
produces retardati 


on on 4 and acceleratj 
common velocity. 
F=ma= 


ive on A and B. This force 
on on B till they acquire a 
Ma' where a=absolute retardation of m 


a’ =absolute acceleration of M. 
Relative retardation of m=a-(— 4')—a-4-a', 


Initial relative velocity — y. 
Final relative velocity — 0, 


ote Vg? = 2(a--a')s 
where s= distance covere 


Che FETTE _ 2F(m-- M) 
b (747), THER 


mMy,2 
or Sel oe . 
2Fim IA) Ans. 


d by m relative to M 
or 


PE 


A], a 


Equilibrium of Bodies 


ig Bt 
1 LESSON 3 H 
i i 
: Topics: Moment of a Force and : 
h Torque ] 
; Centre of Mass and Centre | 
q of Gravity H 
T Machines i 
1 4 


3.1 Moment of a Force and Torque or Couple 


Moment of a Force. The turning effect of a force about a point, 
called ‘the moment centre’, is called ‘moment of a force’ and is 
given by t= Frsing 
where F is the magnitude of the 
force, r is the mod of the position 
vector of the point of application 
of the force (p) from the *moment 
centre’ (C) and 0 is the angle between 
Fandr. But rsin0 represents the 
perpendicular distance ‘p’ of the 
‘moment centre’ from the line of 
action of the force. Therefore, the 
moment of a force about a point is Fig. 3.1 
also given by «—F.p. 


The moment of a force is positive if it turns or tends to turn the 
body anticlockwise and negative in the clockwise direction. However, 
this may be considered the other way round as well. 


Couple or Torque, A pair of equal and anti-parallel forces acting om 
the same body is called a couple. The moment or torque of the 
couple is measured by the moment of the two forces about any point 
(P, Q, R). This is a constant, 
irrespective of the point chosen, 
and is equal to the product of 
either force and the perpendi- 
cular distance between the 
forces. Thus 

v— Fd 
wbere F is the magnitude of 
either force of the couple and Fig. 3.2 
dis the distance between them, 
called ‘arm of the couple’. The effect of applying a couple on a. 
body is to rotate the body. 
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3.2 Centre of Mass and Centre of Gravity 


Centre of Mass. The centre of mass of a rigid body ora system of 
bodies is that point where the whole mass may be supposed to be 
concentrated; the body or the system of bodies may be considered 
as a single particle so far as the action of a system of parallel forces 
acting on the constituent particles of the body or system of bodies 
is concerned. The concept of the centre of mass of a system of 
bodies is very helpful in statics ard dynamics. It reduces the 


problem of a rigid body or a system of bodies to a ‘particle 
problem’. 


If M is the mass of the body and m, ns, mg,....are the element- 


» Brees 
ary masses at positions rı, re, rs with respect to i 

? Taree. an arbitrar 
frame of reference, then the position vector of the centre of mass R 


given by 

E > zs — 

Mr =m r, +m r +M ra +... 
The x and y coordinates of the centre of mass is given by 
= 2[Am]x zpAm] 
y £ y 
; em EAn’ Yem ZAM 

where Am is an elementary [mass of coordinates (x, y). 


For two particles of masses m, and ms, Xem — "1X1 Maxe 
m+, 
If this is differentiated with respect to time, we get 


Kem = MXH MaX 
mi +m, 


Thus the velocity of the centre of mass Xem) is obtained from the 


individual velocities of the two particles (x, and Xy) Care should 
be taken to allot proper signs to x, and Xs. 
Motion of Centre of Mass. The motion of centre of 
e mas: 
system of bodies depends only on the external RS Eu Ebody or 
the internal action and reaction of the constituent particle X Eod 
of the system. The equation of motion of the centre of noe 
system is given by mss ofa 
Festernai = Macm 

where acm stands for the acceleration of the centre of mass 


If no external force acts on the system; then F, = 
4em=0. This means that there is no change in aec e BRE 
of mass. So if the body or system of bodies were at jet. er 
beginning, then its centre of mass would remain at rest though its 
constituent parts might have changed their positions. £ 
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Centre of Gravity. The centre of gravity is that point where the 
whole mass of a body or system of bodies may be supposed to be 
concentrated so far as the gravity (that is, force of attraction due to 
the earth) on the particles of the body or system is concerned. For 
bodies which are small compared to the earth, the centre of mass 
and centre of gravity are identical points. Hence the centre of 
gravity of such bodies are given by the above expressions for centre 
of mass of a system of particles. 


3.3 Machines 


Machines. A machine is a device by which force applied at some 
point of it (called the load) is overcome by means of another force 
applied at some other point (called the ‘effort’). The load and effort 
may be different in direction or magnitude or both. 


Real Mechanical Advantage. 


Load (W) 


Real mechanical advantage of a machine (A)= “Effort (E) 


Useful work 


Efficiency of a machine (n) "Total work - 


Work done on load (output) 
Work done by effort (input) ` 


Work done by a force = force x displacement along the direction of 
the force. 


re; 


Velocity Ratio or Ideal Mechanical Advantage. 


Velocity of effort 


Velocity ratio (r) Velocity of Toad 


displacement of effort (x) 
displacement of load (y) ` 


Ideal mechanical advantage (Ataear) is the advantage had there 
been no friction. 
s Wxy=Ex~x under ideal conditions. 


Ta 


or 


WwW @ ; x 

S Atdent =F = 5 — velocity ratio. This can be calculated from 
simple geometrical considerations. 

In any machine, Mechanical advantage — Efficiency x Velocity 

ratio 
or Areal — XT, OF Area =N X Agaeat. 
Lever, axle and wheel, capstan, jack etc, are practical machi 
: . ac 

Among these machines, some work on the principle that on HE 
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load about any point = moment of effort about that point", provided 
they are ideal. Examples are lever, axle and wheel, capstan etc. 
Some machines are practical applications of ‘screw and nut’. Examples 
are jack, vice etc. In all ideal machines, work done by effort =work 
done on load. 


3.4 Equilibrium of Bodies 

A rigid body is said to be in equilibrium when its linear accelera- 
tion and angular acceleration are zero. 

Conditions for equilibrium of a body are: 


zF-0 and zi =0. 


‘Here, ZF and Es represent the resultants of the external forces 
and external torques acting on the body. Thus, fora body to be in 
equilibrium : 

(a) the sum of the external forces acting on it in any direction 
must be zero, and 

(b) the sum of the torques acting on it must be zero. 

While applying these conditions, the forces and torques must be 
given their proper signs (--ve or — ve). 

Principle of stability of equilibrium : 

A. system is in stable equilibrium when its potential energy is a 
minimum. This is a universal principle. 


From the dynamics point of view a system in gravitational field is 
in stable equilibrium when the vertical line through its centre of 
gravity passes through the base of the body. 


CRITICAL QUESTIONS 
1. The effect of applying a couple on a body is to rotate the body. 
"True of false ? 
Ans. True. 


2. The moment of a force about a point is a scalar, 
false ? 


Ans. False. The moment of a force about a point is an axial 


= = 


s 
vector. t— r X F. 


2. (a) Give an example in which the body is not in equilibrium, 
even though the resultant of all forces acting on it is zero. 


Ans. A body rotating about an axis under the action of a couple. 


True or 


3. If a body is not in translational equilibrium, will the torque 


about any point be zero if the torque about some particular point 
is zero ? 
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Ans. No. When a body is not in translational equilibrium, there 
is Some resultant force on the body. The moment of the forces 
about a point on the line of action of the resultant is zero but 
moment about any point off the line of action of the resultant cannot 
be zero. 


4, Which is more likely to break, a hammock stretched tightly 
between two supports or one that sags quite a bit? Prove your 
answer. 


Ans. A hammock is a hanging 
bed in ships. For equilibrium of 
hammock of weight W we have (see 


figure) W — 2Tcoso. 
Ww 
T= E Tocsecd, 


Hence the greater the tension, 
the greater is the angle 8. So the 
hammock is likely to break when it 
is tightly stretched between supports. 


5. A ladder is at rest with its upper end against a wall and the 
lower end on the ground. Is it more likely to slip when a man 
stands on it at the bottom or at the top? Explain. (C. E. E. 1975) 


Ans. When the mau is at the top the moment of his weight about 
the lower end is greater than that when he is at the bottom. So the 
ladder is likely to slip when he is at the top. 


6. How can a spring balance be used to weigh objects beyond the 
maximum reading of the balance ? (N. D. A. 1977) 


Ans. Take a rigid rod and place 
its one end on a raised support (see 
figure). Suspend the body to be 
weighed at the centre of the rod. 
Hook up the other end by the spring 
balance and raise this end till the 
rod becomes horizontal. This 
arrangement just doubles the range 
of the spring balance. If it is a 
compression type spring balance, 
interchange the positions of the 
spring ‘balance and the body to be 
weighed. 


Wxll2— Rxl 
(neglecting the weight of the rod) 


where R is the reading of the spring balance 
or W=2R. 
C. y. H. PHY.10 
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7. When a tree is cut down, the cut is made on the side facing 
the direction in which tree is required to fall. Explain. (NDA 1977) 


Ans. When the cut is deep and is amcst near the other end, the 
weight of the tree will have moment about that end. Due to this 
moment of the weight of the tree it will fall in the direction in which 
the tree is cut. 

8. A uniform block, in the shape of a rectangular parallelopiped 
of sides in the ratio i : 2 : 3, lies on a horizontal surface. In what 
position would its equilibrium be most stable ? 


Ans. When it lies on the face containing the edges 2 and 3 and 
the shortest edge is vertical. The reason is that the centre of gravity 
is at the minimum height in this position and so this position is most 
stable, or we may say that in this position area of the base is 
maximum and so this is position of most stable equilibrium. 


9. Is a body in circular motion in equilibrium ? 
Ans. No. A body in circular motion undergoes a centripetal 


=5 = 
acceleration a directed towards the centre of the circle. Sincea #0 
the body is not in equilibrium. 


10. A wheel rotating at constant angular velocity œ about a fixed 
axis is in mechanical equilibrium because no net external force or 
torque acts on it. However, the particles that make up the wheel 


undergo a centripetal acceleration a directed toward the axis, Since 
5 
a #0 how can the wheel be said to be in equilibrium ? 


Ans. The acceleration of the wheel (which is the vector sum of 
the accelerations of the particles that make up the wheel) is zero 
because the particles on the two sides of the axis of rotation possess 
equal and opposite accelerations and so their vector sum is zero. 


That is, a wreer= 2 a4— 0. 
i 


11. Why does a porter bend forward while carryi ! 
on his back ? rrying a sack of rice 


Ans, To attain stability of equilibrium so that the vertical line 
through the centre of gravity of the system (porter+sack of rice) 
passes through the base of the system. that is, the space between the 
feet of the porter. 

12. Do the centre of mass and the centre of gravity coinci 
a building ? For a lake ? Under what conditions dod the dici 
between these two points become insignificant ? 


Ans, Yes. No. When the size of the body is small in comparison 
to the radius of the earth. ; 


13. Is it necessary that there be any mass at the centre of mass 
of a system ? 
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Ans. No. Example, a ring. 


14. Does the centre of mass of a solid necessarily lie within the 
body ? If not, give an example. 


Ans No. An L-shaped rod. 


15. If only an external force can change the state of motion of 
the centre of mass of a body, how does it happen that the internal 
force of the brakes can bring a car to rest ? 


Ans. In fact the internal force does not bring the car to rest. The 
internal force of the brake on the wheel locks the wheel. Now an 
enormous frictional force arises between the wheel and the ground. 
This force is external to the system and this external force brings the 
car to rest. 


16. The bottom ofa ship is made heavy. Why ? (NDA 1981) 


Ans. The bottom is made heavy so that the centre of gravity of 
the ship occupies the lowest position and stability of equilibrium is 
ensured, 


17. Ina single pulley there is no mechanical advantage. Even 
then it isa machine. Justify. 


Ans. In a single pulley such as the one used to draw water from a 
well there is no mechanical advantage but there is directional 
advantage. To draw water one has to apply vertically downward 
force. So it is a machine. 


18. It is said that ‘what is gained in power is lost in speed’. Is it 
truc of false ? 


Ans. It is true, In any machine 


Mechanical advantage — efficiency x velocity ratio. 
Thus, mechanical advantage oc velocity ratio. 


1 ;. . velocity of effort 
t = ————— —MÁ—1——4—* 
But velocity ratio velocity of load 

1 


Mechanical advantage oc VEISEVIGNIORd 


Thus greater the mechanical advantage, less is the speed of the 
load. 

19. In a stationary railway compartment there are 100 passengers. 
They start fisting each other on some point of difference in their 
opinions. Willthe centre of mass of the compartment change its 
position ? Will the centre of mass of the system (compartment-i-100 
passengers) change its position ? Explain. - 


Ans. The position of the centre of mass of the compartment will 
change position because the passengers are external bodies for the 
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compartment. But the centre of mass of the system will not change 
position as there is no external force on the system. 


20. A system is in stable equilibrium when its potential energy is 
minimum. Is it true or false ? 


Ans. True. 


21. Why is it easier for two men to turn a log about its centre 
than to move it translationally ? 


NE aiat AME E F 


Fig. 3.5 


Ans. To turn the log, the maximum moment of the forces applied 
by the two men should be greater than the moment of the limiting 
frictional forces about the centre of the log. If/is the length of the 
log then the maximum moment of the forces applied by the men is 
E. I, where F is the force applied by each man. The forces of friction 
are distributed along the log (see figure). The mean force of friction 


on each side of the centre is iE Where M is the mass of the log 


and p is the coefficient of friction, 


The two frictional forces on the two sides of the centre forma 


l 
couple of arm T Hence the moment of the limiting frictional forces 


s, M, l : 
is ut x 7 To just turn the log we must have 


Mg. 1 
Fly y & = 
u 2 X7 or F 4 Mg. 


To move the log translationally, the resultant ce i 
the men must overcome the limit n ser Re T 


ing frictional force. Thus j 
move the log we must have E us just to 


2F-uMg or Fabs. 


. This is how it is casier to turn a log than to move it transla- 
tionally. 
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22. A rectangular block rests on à horizontal table. A horizontal 
force is applied to move it on the table at a height h above the table. 
Does the line of action of the normal force N exerted by the table on 
block depend on h ? d 


Ans. Yes. As the height h is increased, the normal reaction 
shifts to the corner about which the block tends to tip. 


23. A homogenous rectangular brick lies on an inclined plane. 
What half of the brick (lower or upper) exerts a greater thrust on it ? 


Ans. Let us consider the two halves as two separate bolies, each 
of weight half the weight of the 
brick, Over the surface of separa- 
tion the upper half exerts a force R 
parallel to the plane downward and 
the lower ‘half exerts the same force 
on the upper half. Considering 
free-body diagrams of upper and 
lower half we have 


sina +R 7 


and Wsina— =f". 


SIREN" =Koosa. 
Note. Here the frictional forces are not uN and uN' because 
the brick is not in limiting equilibrium. Here frictional forces are f 
and f’ on the lower and upper half. 
Obviously f>f’ and N=N’. 
Now the thrust is the vector sum of the normal reaction and the 
tangential reaction, that is, frictional force. 
T=/N*4f2 and T'=/N®Tf® =v Nf". 
NES i 
SM Tu. 
So the lower half exerts a greater thrust. 


24. A rod not reaching the rough floor is inserted between two 
identical boxes (see figure). A horizontal force Fis applied to the 
upper end of the rod. Which of the boxes will move first ? Explain 
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E Ans. Consider the  free- 
body diagram of the rod and 
| apply conditions for its 


| equilibrium. Let F, be the 
ER f | force exerted by therod on the 
left box. Then Fiis the force 

exerted by the box on the rod 


F tothe right. Let F, be the 
force exerted by the rod on 

F2 the right-hand box. Then 
F, is the force exerted by 

it on the rod to the left. 


Fi For equilibrium of the rod 
we have 
Fig. 3.7 Fi+F= F, 
Or F-F—F, 
4 FE. 


So the right-hand box will move first. 


25. Why do we take small Steps while walking on a slippery 
road ? Explain, 


Ans. When a man walks the line joining his centre of gravity C to 


the toe ‘O° of his foot is inclined to 
the vertical by certain angle a. The 
value of this angle depends on the 
size of the step the man takes. The 
smaller the step, the less is the value 
ofa. Let F be the reaction of the 
ground on the toe of the man 
directed towards the centre. The 
horizontal component of this force 
cannot be greater than the maximum 
value of frictional force, otherwise 
he will slip. Therefore, for 


! 
l 
I 
I 
I 
tl 
l 
l 
l 


. equilibrium 
; Fig. 3.8 Fsina=fyrictton and Fcosa— mg. 
But Íirtciton X fum. 
<. Fsina < pFcosa 
or 


p tana. 
When y is small, o is also small. 


This is why small Steps are 
taken while walking on slippery road, 


26, Can a uniform ladder be Prevented from falling by a rope 
tied to its centre at one end and at the other end to a peg fixed at 
the intersection of the ground and the wall if both are smooth ? 
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Ans. No, because for 
equilibrium moment of all the 
forces about. any point must 
be zero. Consider the point of 
intersection of the normals to 
the wall and the ground as the 
‘moment centre’. The 
moments of N, Na and T 
about O are zero as they pass 
through it but the moment of 
W remains unbalanced and 
hence the ladder cnnnot be 
prevented from falling 
homers great the tension may 

e. 


27. Two identical weights 
are connected by a spring. At 
the initial moment the spring 
is so compressed that the first 
is tightly pressed against a 
wall (see figure) and the 
second weight is clamped by a 
stop ‘S’. How will the weights Fig. 3.10 
move if the stop is removed ? Explain without calculations. 


Ans. When the stop is removed, the weight 2 will move to the 
right with acceleration due to the action ofthe spring to the right 
and the weight 1 will remain pressed against the wall. When the 
spring regains its normel length, the second weight will gain some 
velocity. The velocity of centre of mass at this instant is 

MDMV _ _MMgV2 


Vem =a ee © 
minm. ma-t ma 


So long the system was not free from external force along the 
horizontal as the wall exerted force on 1. Atthe moment the 
spring regains its original length, the system becomes free from 
external force and so the velocity of the centre of mass of the system 
will remain fixed at vom, but 1 and 2 will be respectively 
accelerated and retarded. So they come closer with such velocities 
that the velocity of the centre of mass remains constant. Again 
they move away from each other till they are farthest. Thus, the 
system asa whole will move away from the wall with constant 
velocity, but the weights alternately converge to each other and 
diverge from each other. 


28. Some heavy boxes are to be loaded along with some empty 
boxes ona cart. Which boxes should be put on the cart first and 
why ? 
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Ans. The heavy boxes should be loaded first so that cg of the 
loaded cert may remain at the lowest position. 


29. Standing is prohibited in a double decker bus. Explain. 


Ans. Standing passengers in the upper deck will raise the cg of 
the bus and that will make it less stable. 


30. Can a body be in equilibrium while in motion ? Explain. 


Ans. Yes, a body may be in equilibrium while it is in motion. 
Equilibrium means ‘no acceleration—linear and angular. If a body 


is in uniform velocity along a straight line, the body will be said to 
be in equilibrium, 


31. A doubl-coned body P is placed on two parallel horizontal 
rails AB and CD which have slight upward slope from the left to 


right as shown in the 
figure. When the body 
is released, it rolls down. 
But if the ends 4 and C 
are drawn closer so as to 
make some angle between 
AB and CD, it rolls up 
instead of going down. 
Explain why, 

Ans. The principle involved js ‘that a body tends to occupy that 


position where it has minimum potential energy’. When the rails 
are parallel, the cg of the body is ] 


does so. When the rails are incli 
Cg is lowered as it goes up and so 


32. Why cannot we rise from 
forward ? 


Fig. 3.11 


it goes up. 
a chair without bending a little 


Ans. Because the weight forms a torque about the feet and that 
makes us unable to tise from the chair. When we bend forward and 


bring cg of the body above the feet, the couple disappears and so 
now it becomes possible to rise from the chair. 


OBJECTIVE QUESTIONS 


1. If a machine is lubricated with oil 


(a) the mechanical advantage of the machine increases 
(b) the efficiency of the ine i 5 J 
(c) both its mechanical advantage and e 


t i ficiency increase 
(d) its efficiency increases, but the à 


mechanical advantage 
decreases, GIT 1930) 
Ans. (c). In a machine where there js friction, the effort has to 


Overcome the load and frictional force, 


vert 1 © in the presence of 
friction the machine can Overcome less load, This accounts for its 
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low mechanical advantage. When it is lubricated, frictional force 
vanishes and so the same effort can now overcome greater load. 
Thus its mechanical advantage is increased. Some energy is wasted 
in overcoming frictional force. This accounts for low efficiency of a 
machine When lubricated, no energy is wasted and so efficiency of 
the machine also increases simultaneously. 


2. Two particles 4 and B initially at rest, move towards each 
other under a mutual force of attraction. At the instant when the 
speed of A is V and the speed of B is 2V, the speed of the centre of 
mass of the system is 


(a) zero, (b) V, (c) L5V, (d) 3%. (IT 1982) 


Ans. (a) Since the system is free from external force, the 
acceleration of the centre of mass is zero. The initial velocity of the 
centre of mass is zero and so the velocity of the centre of mass of 
system in subsequent instants is also zero. 


3. A block of mass m rests on a wedge of mass M, which, in 


turn, rests on a horizontal table (see 2» 
figure). All surfaces are frictionless. If ey 


the block starts from rest, 
(a) the centre of mass of the system M "7 
will change its position, NO 


(b) the centre of mass of the system 
will change position along the vertical Fig. 3.12 
but not along the horizontal, 

(c) the centre of mass of the system will change position along 
the horizontal but not along the vertical, 

(d) nothing can be said about the position of the centre of mass, 


Ans. Since the system is free from external force along the 
horizontal there will be no change in the position of the centre of 
mass along the horizontal but the system is not free from external 
forces along the vertical as gravitational pull is acting on the system, 
there will be change in position of the centre of mass along the 
vertical. So the answer is (b). 


4. Two particles P and Q are initially at rest at 1 m apart. P has 


amass of 1 kg and Q a mass of 3 kg. Due to mutual attraction P 
and Q move towards each other. They collide at distance 


(a) 0:25 m from P, (b) 0:25 m from Q, (c) 0'5 m from Q, 
(d) 0:5 m from P. 

Ixl 
1+4 
Since the system is free from external force, the centre of mass of 


the system will remain stationary. So they collide at their centre of 
mass which is at a distance 0°25 m from Q. So the answer is (b). 


Ans. The centre of mass is at distance = —25 m from Q. 
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5. Two particles P and Q of mass 1 kg and 3 kg respectively 
start moving towards each other under their mutual attraction with 
velocities 30 ms and 6 ms-. The velocity of their centre of 
mass is (a) 36 ms, (b) 18 ms, (c) 3 ms-!, (d) none of these. 


Ans. We have Mx= myxi--msx, or Mxrijxi--msaxs. 


x2mo HX» C 


ES M-mj4-ms) 
myJ- ris 
— 1x30+3(—6) oS 


1-3 


This is the initial velocity of the centre of mass. Since the 
system is free from external force, the acceleration of the centre of 
mass is zero. So the velocity of the centre of mass remains unchan- 
ged in the subsequent instants. Therefore, the answer is (c). 


6. If two particles of masses m, and m, move with velocities Vy 
and v, towards each other on a smooth horizontel table, the velocity 
of their centre of mass is 


(a) M Vi -HMV (b Yi — Tg Vo c TyVo-d- msV4 
M Md esa M dio un e Mu EA el 
m;-J4-ms mtm, ' mm, ^ 


TY — MoV; 
(d) —2- 21, 
MiM 


Ans. (b). 


7. An inclined plane forms an angle a to the horizontal. The 
maximum mechanical advantn i 


(b) tana, (c) cota, (d) sina. 


Ans, Let a load W be raised 
up the plane by a force F inclined 
at B with the normal to the plane. 
Resolving along and perpendicular 
to the plane we have 

: W sina F sinp 

and N-W Cosa+-F cosp. 


Mech. advantage — 


2 =sinB coseca. 
Maximum mech. advantage 
— €oseca x (SinB) maz. 

But (SiNB)maz= 1. 

-. Max. mech. advantage = coseca, 


So the answer is (a). 
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8. If a is the angle of inclination of a plane to the horizontal and 
2 is the angle of friction between the plane and the body to be raised, 
the maximum mechanical advantage is 

(a) coseca, (b) sing, 

(c) cosec(a 4-2), (d) cosec(a — 2). 

Ans. Imposing an additional force nN down the plane in the 
above figure (3.13) we have Wsina= Fsing— pN 

and N=Wceosa-+ Fcosp. 

Wsina= FsinB — pW cosa — yFcosp. 
n sinB—pcosp  sin(B—2) 
E sina+pcosa sin(a-+-A) 
(putting x= tani) 


.& A (mechanical advantage) 


Amaz=cosec(a-+-2). So the answer is (c). 


9. In a lever if the effort arm is doubled 
(a) the mechanical advantage is doubled and efficiency is also 
doubled, (b) mech. adv. is doubled but not the efficiency, (c) effici- 
ency is doubled but not the mech. adv., (d) both remain unchanged. 
Ans. Let E be the effort and W be the load and /, and /, be the 
initial effort and load arm of the lever. 3 
Then 4; (initial mech. adv.) 
Tu eth. 
E l1, 
Cs WxXh=EXh) 
Ay (final mech, adv.) 


2 24. Fig. 3.14 
2 


da $ W: " 
ng (initial efficiency) = Tr = Fe aR xe 


aU cH. nh ti 
(* TT and Soups from similar 


triangles OAA’ and OBB’) 


E 
ny (final efficiency) = P x a -1. 
4 "mf 


So the answer is (b). 


10. If in the axle and wheel the radii of the axle and wheel are 
respectively 5 cm and 25 cm, the mech. adv. (4) and efficiency (n) 
(neglect friction) are (a) A=5,n=1, (b) 4—5, n—5, (c) 4-1. n=5 
(d) 4-1, n=1. 1 
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Ans. Considering moment about the 
common axis, 
Wxr-ExR. 


w iss Input EX nR — 


EN So the answer is (a). 
Fig. 3.15 


11. The position coordinates (x, Y) of the centre of gravity of the 
L-shaped plate with reference to the origin at lower left-hand corner are 


(a) x=11 cm, y=9 cm, (b) ¥=7 cm, y-9 cm, 
(c) x=3 cm, y «10 cm, (d) x=14 cm, y —8 cm. 
sey Ans. Since it is a plate, mass is 
Proportional to the area. Hence 
the total mass js 
{24cm (4X 244-8 x 36) = 384. 
n 384x%=(96 x 24-288 18) 
32cm x=14 cm 
8em ke 
384 XJ— (96x 20-1-288 x 4) 
o A J—8 cm. 
Fig. 3.16 


12. The position coordinates (x, y) of the centre of mass of the 
‘T-shaped plate with reference to the frame shown in the figure are 


(a) x=0, y- 8, (b) y=0, x= 20, 
a 
(c) y=0, x=29 cm, (d) x=0, J—32 cm, 
iJ 
ai» Ans. We have 


(256 +128)» —256 x 4-128 x 16 


Y- 3072 —8 cm. 
Since the body is symmetrical 
about Oy, x— 0, 


So the answer is (a). 


Fig. 3.17 
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13. The ideal mechanical advantage of the device (shown in the 
figure) is (a) 2, (b) 3, (c) 4, (d) 5. 

Ans. Consider free-body diagram 
of W. 

W=T,4T». 

From the free-body diagram of 

the movable pulley Ty 
Ty4—73. 


From the free-body diagram of | l 


an element of the string at the end N 
where the dr ie T T Uu 
W-2F--F-3F T F ir 
A tdeat =M= 3. 
So the answer is (b). i Fig. 3.18 


14. A screw jack moves upward 6 mm when turned tbrough one 
revolution. The ideal mechanical advantage of it when a 50 cm 
long bar is used to turn is 


500 5005 


eo y=, (c) 3005; (d) 16r. 


Ans. Work done on load in one 
revolution = W x p. 
Work done by effort in one 
revolution = E x 2rl. 
Tn ideal conditions 
Wxp=Ex2al 
2al 


W 
Ata == = —— 


E nam 
— 2nx 50cm 00x 


6mm 3 1 
So the answer is (b). f 
Fig. 3.19 

15. A door 4 m high and 2 m wide is hung from hinges*3 m and 
$ m from the top and the bottom of the door. The door weighs 42 kg, 
its centre of gravity is at its centre, and each hinge carries half the 
weight of the door. If H, and H, are the horizontal components 
of the force exerted on the door at the hinges then 

(a) H,=10 kgf, H,—10 kgf, (b) Hi— l1 kgf, H.—3 kgf, 

(c) H,=H,= 14 kgf, (d) H;—21 kgf and H,—12 kgf. 
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Ans. Consider ‘moment about the lower hinge’. Answer is (c). 


16. A uniform ladder 10 m long rests against a frictionless vertical 
wall with its lower end 8 m from the wall. The ladder weighs 40 kg. 
The coefficient of static friction between the foot of the ladder and 
the ground is 04. A man weighing 60 kg starts up the ladder. The 
distance he van climb up the ladder before it starts to slip is 


(a) 2m, (b) $ m, (c) 5m, (d) § m. 


Ans. Consider rotational equilibrium about the foot of the 
ladder and its translational equilibrium along the vertical horizontal 
direction. Answer is (d). 


17. On an inclined plane 10 m long and 1:25 m at the raised end, a 
60 kgf effort moves a 420 kgf load up the plane. The efficiency of 
the plane as machine is 


(2) 90%, — (b) 70%, — (c) 875%, (d) 75%. 


Ans. A; (ideal MA) coseco— 10m _ 


1'25 m 
Ar (real MA)= 422 — 7. 
g 4,_ 7 
Piciny Rer Dm :875—87:59,. 


So the answer is (c). 

18. Human foot acts as a lever of (a) first class, (b) second 
class, (c) third class, (d) none of these. 

Ans. (a). 

19. Human hands act as levers of 
(c) third class, (d) none of these, 

Ans. (c). 


(a) first class, (b) second class, 


20. A machine of mechanical advantage 5 needs a 72 kgf effort 
io raise a load. If the efficiency of the machine is reduced to 60% 
due to friction, the effort needed is 


(8) 72 kgf, — (b) 100 kgf, (c) 120 kgf, — (d) 150 kgf, 


Ww 
Ans. (c). ALT or W=360 kg. 
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s A A 
Efficiency = 7p = Oa Or Ar=3. 


3-350, or E=120 kgf. 


NUMERICAL QUESTIONS 


1. The strut AB in the Fig. 
weighs 20 kg and its centre of. 
gravity is at its centre. A load of 
60 kg is suspended at. the far end. 
Findthe tension in the cable 4C 
and the horizontal and vertical 
components of the force exerted on 
the strut at the wall. 


[ N 
60kg 
Fig. 3.20 
‘translational equilibrium’ of the strut we have 
60--20 — Tsin84-V (equating vertical downward 
forces to upward forces) 
tward horizontal force to the 
leftward horizontal force). 


ng ‘rotational equilibrium’ of the strut (moment centre 


Sol. Considering 


and H=Tcosd (equating Tigh 


Consideri 


44) we have 4 
20: 4--60x 8 =7.8sine 


(equating clockwise moment to anticlockwise moment). 


There are three equations Tsino 
and three unknowns iR 
and V. 
From tbe simple geometry 
sind=;,= and cosd= $s =5 
<. 80=TX§+V 
ov) 4002237: ove CONI) 
H-T$ 
or 5H=4T oe (eth) 
560 — T.8.$ Fig. 3.21 
or 350=3T .. (iii) 
Hence, T= 11667 kgf 
^ Ans. 


H-9333 kgf 
V=14 kgf 
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2. A rectangular block 1 m wide 
and 2 m high is dragged to the right 
along a level road at constant speed 
by a horizontal force P, as shown in 
the figure. The coefficient of sliding 
friction is 0'4, the block weighs 
50 kg and its centre of gravity is at 
its centre. (a) Find the force req- 
uired. (b) Find the value of h at 
which the block just starts to tip. 
(c) Find the line of action of the 
normal force N exerted on the 

Fig. 3.22 block by the surface, if the height 
his 1 m. 
Sol. (a) Considering horizontal and vertical equilibrium we have 
50g—N=0 and P—~pN=0, 
S0 P=nN="4x50x9-8=196 N. Ans. 

(b) Making the right-hand corner B the ‘moment centre’ we have 

when the block tends to tip about B 
P.h=50g x4 (the normal reaction is now at B and 
So its moment about B is zero) 
or 1965—50x9:8x1, h—1:25 m. Ans. 

(c) Considering ‘moment about? B 

196 x1+Nxd=50gx3 
or 196 + 50gxd=25¢, or d=] 
-. Distance from the centre —:5 m—‘lm="4m to the right, Ans. 


3. A ladder of weight W rests in limiting e 
vertical well. The coefficient of friction between the wall and the 
upper end of the ladder is and that between its lower end and the 
ground is w. Calculate the inclination of the ladder to the 


horizontal in this Position. The centre of gravity of the ladder is at 
its centre, 


quilibrium against a 


_Sol. For translational equili- 
brium we have uN--N'Wg 
and uN'—N 
SSoGn-HDN'CBW .. (i) 
_ Considering "rotational equili- 
brium' about the upper end 
(2/= length of the ladder) 
W x Icos0-- y N’ x. 2lsing 
— N' x 2lcoso 
or (I raw’) NN x 2lsin8 
— N' x 2lcose 
(1+ uin')cos0-1-2í'/sing— 2cos6 


ce 
Fig. 3.23 Or fangzl—n Phi Ans. 
Qu 
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4. A pulley fixed to the ceiling carries a thread with bodies of 
masses m, and m, attached to its ends. The masses of the pulley 
and the thread are negligible, friction is absent. Find the accelera- 
tion acm of the centre of mass of the system. 


Sol. Let xem be the distance of the centre of mass from the centre 
of the pulley at any instant and x, and x, are the distances of m 
and m, from the same point. 


vs MiX t Maxa 
m, +m 
bw SR m : m 
EX c 3— 
en T ms ems e Tis 
mı 
OF dem = es a, + a a) (~ the acceleration of 
1+m one is equal and 
opposite to that of 
the other) 


_{ m-m 
—-( ————- }a,. 
mi + ma 


Now E L y e. 
mı +m 


cm — mule) xg. Ans. 
m+ His 

5. Two small discs of masses m; 
and my are connected by a weight- 
less spring rest on a smooth hori- d 
zontal plane. The discs are set in 2 
motion with initial velocities v, and D 
Ys Whose directions are mutually 30 
perpendicular and lie in the same 575 m A 
horizontal plane, Find the total '? 1 
energy E of this system with refer- Fig. 3.24 
ence to the frame fixed to the centre 
of mass. 


Sol. Let Yom bethe velocity of the centre of mass. Then thc 
velocity of m; relative to the centre of mass is »- Yen and that of 
ma is Y;— en. 

so Ecdm | 9 Ves | EFM L2 vem | è. 

The velocity of the centre of mass is given by 

(m -- mayo = my YE fts Ys. 


C, Y. H. PHY.-11 
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> > 
My1 + MoV 


Y, 
QE t mı +m 


c cm 
LPAR mə(Vı— Vo) 


mms 
y 
Be Oa Mo | | 
= Vy — Vo 
j Sy 1— Ve 
Do Vy em DyEmq i 
1 H 
——Ph (vv)? (Ce v and v, are at right 
= Lys 
uicta angles). 
imi — zm D * Vey, " 
Similarly, | 9Ya— Yen | vp ( 


a 2 
& E= im( 4E E) (Ev) ( — ) (v? +v) 


m;--ms my4- nis 
mas Ps — (2-992) (mg +m) 
= (miM)? 
CRE here pa ats 
= u(r +v) where p= TUUM 


called the reduced mass. Ans. 


6 Two bars of masses m, and 
m» connected by a weightless spring 
of force constant k rest on a smooth 
horizontal plane. Bar 2 is shifted a 
small distance x to the left and then 
released. Find the velocity of the 
Centre or mass of the system after 
the bar 1 breaks off the wall. 

Sol. When the bar 1 breaks off 
let v; be the velocity of the bar 2. 


Fig. 3.25 


the wallits velocity is zero and 


be t Then velocity of the centre of 
mass is given by 
Gn-Ems)ves - mix OL Mav, or Were abr 
my ms 
From conservation of energy we have 
ikx*— ima, or n= k 
Me 


ms 


k x Ezi 
m, ao km 
M+ Mg Jz m, +m, Vkm, 
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Since the system is free from external force, the acceleration of 
its centre of mass is zero. So the velocity of the centre of mass is 


x cot 
—— —4/kms. Ans. 
mji4-ma Ai 

7. A raft of mass M with a man of mass m aboard stays motion- 
less on the surface of a lake. The man moves a distance / relative to 
the raft with velocity u(t) and then stops. Assuming the water 
resistance to be negligible, find 

(a) the displacement of the raft relative to the shore; 

(b) the horizontal component ofthe force with which the man 
acted on the raft during the motion. 

Sol. Let x, and x, be the initial distances of the centres of mass 


of the raft and the man from the shore and x,’ and x,’ be the final 
distances of their centres of mass from the shore. 


always Vom = 


i + ets 

M M mx 

Then Xem= MXi;TmXs and x'em= Rép ACA) a 
M+m M--m 


Since the system is free from external force 
Xem X'cm- 
n Mx,-- mx, — Mxy 4-mxs! 
or M(x,—*1')= m(xa' —xs) 85 0 
Now absolute displacement (that is, displacement relative to the 
shore) of the raft =x’ —x, 


and absolute displacement of the man (that is, displacement 
relative to the shore)=x,’—21=!' (say). 
Displacement of the man relative to the raft 
= (x,—3) — (Xa — X3) = l (given) 
Or I — (xx x3) or xy —x4-l' —l .. (ii). 
.. From (i), M(—I') e mQ' — 1) 
, ml 
or 1 E MEER Ans. 


(b) The force exerted by the man on the raft is effective on the 


raft. 


dy 
F=Mx— 
1 Xd 


here v-is the absolute velocity of the raft. If the instantaneous 
absolute displacement of the raft is l’, then 
d' m dim * (- 
dt M+m ‘dt Mtm ^ 
a CAE ra! du 
Uo db Mum dÜ 


Um ge u given 
dt $ 
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8. The front wall of drawer in a cabinet is provided with two 
symmetrical handles. The distance between the handles is/ and the 
length of the drawer isa. The coefficient of friction between the 
drawer and the cabinet is p. Show that the drawer can be pulled 
out by applying a force perpendicular to the drawer to one of its 


handles if p< T 


Sol. Let us denote the force applied to one handle by F. The 
force will turn the drawer and induce normal reactions and frictional 
forces as shown. For tanslational equilibrium we have 

N,=N2= N (say) 


and condition for pulling out 


uN the draweris F>=pa(N1+N,) 
€ E or F>2un. 
D. S For rotational equilibrium 
2 about 4 { 


F(I-E b) — Na--uN(I4-2b) 
where b is the distance of each 


a handle from the nearer edge. 
For rotational equilibrium 
AN about C 
Ni Fb--Na-yuN(I4-2b). 
Py-b-4—L B Subtracting we have 
E Fl=2Na 
Fig. 3.26 F= Na 
I 
Condition for pull-out is 
aum 22uN 


or 


Sol. The cylinder is in tra 


¢ “yin nslational equilibri i 
rotational equilibrium. quilibrium but not in 
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For translational equilibrium 

Tcosa —uN N 
and Tsina+N=mng. iy 
E Tcosa — u(mg — Tsina) 
or fs TER o 

cosa 4-usina ary AN 
Put p —tan^ where à is the angle TA Wiese 
of friction. 
T- mgsin A mg 
cos(a—2) Fig. 3.27 


Obviously Tis minimum when cos(a—) is maximum, that is, 
cos(a—a)=1; oF a=) 
Tmin 2 mgsin^. 


sini = 


y tan, —— 
Vv is 
umg 
IT n sgg ceri Ans. 
A Mr 


ma=a=tann. Ans. 
ew with a pitch of 4 mm and a handle half 
friction is such that an extra effort of 
red on the handle. Calculate the least 
e handle (a) to raise and (b) lower a 


10. A jack has a scr 
metre long. The effect of 
0:004 part of the load is requi 
effort required on the end of th 


load of 5000 N. 

Sol. Let E be the effort required. Then the effective effort is 
(E— -004 x 5000)= (E— 20), because frictional force effectively 
reduces the applied effort. 

Work done by effort=(E— 20) x (27X 3) - «(5 — 20). 


Work done by load =5000x(— 1555)— —20. 
Here work done by load is negative because its displacement is 
against its direction. 
Net work done by all external forces— n(E — 20) — 20. 
heorem’ this must be zero because 


According to *work-energy thec 
the least effort is needed to just raise the load and not to generate 


velocity in it. 


0 
a(E— 20) —20 0, or E- 20-2 -264 N. Ans. 


d, work done by it — +20. 
n(E—20)+20=0 


20.20—6:4—13:6 N. Ans. 
" [ 


When the load is lowere 


or E-20— 
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EX ERCISES 


1. The upper end of a ladder rests against a smooth vertical wall 
and its bottom stands on a rough floor. The coefficient of friction 
between the ladder and the floor is u. Calculate the angle a between 
the ladder and the wall at which the former will be in equilibrium. 


2. A heavy homogeneous sphere is suspended from a string whose 
end is attached to a vertical wall. The point at which the string is 
fastened to the sphere lies on the vertical line passing through its 
centre. What should be the cofficient of friction between the sphere 
and the wall for the sphere to remain in equilibrium ? 


3. A homogeneous chain of length / lies on a table, What is the 
maximum length /, of the chain that can hang over the table if the 
coefficient of friction is p ? 


4. A boat on a lake is perpendicular to the shore and faces it with 
its bow. The distance between the bow and the shore is 1 m. At the 
initial moment the man was stationary at the bow side. He steps 
from the bow side to the stern. Will the boat reach the shore if it is 
2m long ? The mass of the boat M —140 kg and that of the man 
m=40 kg. 


5. A block of mass M with 
a semi-circular track of radius 
R, rests on a horizontal 
frictionless surface, A uniform 
cylinder of radius r and mass 
m is released from rest at the 


6. A stationa 
ladder with 


system, ment/ of the centre of mass of this 


7. A horizontally directed force i 
j l > equal to the weight of a heav 
roller of radius R 1s applied to its axis to lift it ont a Tecla AR 
step. Find the maximum height of the step, 


8. A sphere of weight 3 kgf lies on two incli i 
5 nclined pl 
"ol pu sor wi ane horizontal. Determine dne e 
exerted on each plane if there is no fric; 
PES Otis planes dune the sphere and 
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9. A raft of mass M with a man of mass 7 aboard stays motion- 
less on the surface of a lake. The man moves a distance /’ relative 
to the left with velocity v'(f) and then stops. Assuming the water 
resistance to be negligible, find : 

(a) the displacement of the raft / relative to the shore; 

(b) the horizontal component of the force with which the man 
acted on the raft during the motion. 


10. From a circular disc of radiusr a square iscut out with a 
radius as its diagonal; show that the cg of the remainder is at a 


distance n 
4n— 


2 from the centre. 


11. A ladder is in equilibrium with one end resting on the ground 
and the other end against a vertical wall. If the coefficient of friction 
between the ground and the end of ladder be y and that between the 
wall and the other end .is p, show that the inclination of the 
ladder to the horizontal is given by 


dom 
tange ae 


2u 
ticle rest inside a hollow sphere of radius 


^ 1 
a and the coefficient of friction be n= V3 : 


12. How high can a par 


13. A block of mass M —2'8 
kg is resting on a horizontal 
Smooth surface as shown. The 
Sides AB and BC are perfectly 
Smooth each of length /=39'2 
em and each inclined ata — 30" 
to the horizontal. A particle 
of mass j1—0:95 kg starts 
Sliding down along AB from doom 


rest fi . The planes 4B s 
and BC join at ce smooth curved surface not exerting any 


Tesistance to motion. 4 j Y 
horizontal oscillatory motion. Find 


Sh ck M executes |! „OSCI 
the NER d for its period of oscillation and then calculate 


its numerical value. 


TEST YOURSELF 


1. Answer the following questions : 

(a) Define centre of gravity and centre of mass. Carefully 
distinguish between them. 1 5 

(b) Show that effect of applying 
turn the body. 


a couple on a body is always to 
5 
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(c) Find the dimensions of moment. 2 


(d) Give an example to show that the following statement is 
false : Any two forces acting on a body can be combined into a 
Single force that would have the same effect. 3 


(€)*Does a machine save our time? Explain it with axle and 
wheel as example. E) 


2. Answer the following objective questions. 3x7-21 


() A weight of 40 kg is sus- 
pended as shown in the figure. The 
tension in the cord B is 

(a) 80 kgf, (b) 20 kef, 

(c) 40 kgf, (d) 60 kgf. 

Gi) A cube is in limiting equili- 
brium on an inclined plane forming 
angle 30° to the horizontal. The 
line of action of the normal reaction 
of the plane on the cube is (a) at the 
centre of the cube, (b) at a distance 
/3a 


= from the centre down the plane, 


Fig. 3,30 


(c) at a distance ve up the plane from the centre, (d) at a distance 


=“. from the centre down the plane. 


273 


., iii) When a cube is in limiting equilibrium onan inclined plane, 
it is also about to topple. The coefficient of friction between the 
cube and the plane is (a) 1, (b) 1/2, (c) 1/4/2, (d) 1/473. 

2 (v) Two masses m, and m, are separated by a distance /. The 
distance of their centre of mass from mis 


ji ! 
(a) — Ps (b Ma m; Me 
mm °’ ) m+m ’ © m, (4) my, E 
(v) When a body is in stable equilibri i i 
à : S quilibrium, (a) its potential 
energy is maximum, (b) potential energy is zero, (c) potential energy 
1s minimum, (d) potentia] energy fluctuates with time. 


equilibri =0° = 
(c) O=n/4, (d)0—n, rium when (a) 0=0°, (b) 0=2/2, 
(vii) If A; is the ideal mechanical advan 
its real mechanical advantage, then it 
(b) Ait Ap, (c) Ail Ar, (d) A,/Ai, 


tage of a machine, Ar is 
S efficiency is (a) A:4r, 
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3, Answer the following : 3x3=9 
(i) When a tradesman using a balance of unequal arms weighs 
half of the total amount on alternate pans, he cheats himself, not the 


customer. Is it true or false ? 
(ii) A boat is likely to capsize if persons in the boat stand up. 


hy ? 

(iii) Which o 
and length. The two ha 
ground ? 

Answer any five of the following. 5x10=50 

4. A body of mass 7n is placed on the incline of a wedge of mass 
M at the highest point of it. The body is released. If there is no 
friction and / is the length of the incline, determine the distance by 
which the wedge moves along horizontal plane when the body 
reaches the bottom of the incline. 

5. (a) A circular section ofradiusr is cut out of a uniform disc 
of radius R, the centre of the hole being R/2 from the centre of the 
Original disc. Locate the centre of gravity of the resulting body. 


(b) A beam of weight : 
end and the other two the beam between them on a 
Cross piece so that the load is equally divided among the three men. 
Find where the cross-pie 
Piece, 


6. (a) A flexible chain of wei 
points, 4 and B, at the same level 
(see figure). Find the force | exerted 
by the chain on each end point and 
the tension in the chain at the 
lowest point. 


ne easier to turn—a log or a bench of equal weight 
ye the same coefficient of friction with the 


ght W hangs between two fixed 


Fig. 3.31 


(b) A thin bar AB, whose weight can be neglected, is suspended 
by strings from the two points 

P and Q (see fig). The bar 
carries masses of 10 kg and 5 kg 
as shown, Find the tensions In 
the strings and the angle 6, if the 
System is in equilibrium. 


] box rests on a rough horizontal rectangular 
ent of friction is 0'4. The edge AB of the plank 
The plank is slowly raised about 


7. (a) A cubica 
plank whose cosffici 
is parallel to an edge of the box. 
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its edge AB and its inclination is 
slowly increased. Find whether the 
box will slide first or topple. 

(b) A gate 3mlong and 2m 
high weighs 60 kg. Its centre of 
gravity is at its centre, and it is 
hinged at 4 and B. To relieve the 
Strain on the top hinge a wire CD 
is connected as shown in the figure. 
The tension in CD is increased until 
the horizontal force at hinge A is 
zero. What is the tension in the 
wire CD? What is the combined 
vertical force exerted by hinges 
A and B ? 


8. (a) A man weighing 80 kg sits 
on a platform suspended from a 
movable pulley raises himself by a 
Tope passing over a fixed pulley. 
Assuming no friction losses, find the 
force he must exert. 


(b) The operator of a jackscrew 
exerts a 40 kgf force through 2:4 m 
to raise a 600 kg load by 5 cm. 
Find: output, input, efficiency, 
actual MA; ideal MA. 


Fig. 3.34 


9. (a) On a pulley system, 60%, efficient, the effort of 40 kgf 
moves 60 m to raise the welght by 9m. Find the ideal MA. At 


100% efficiency, what loads should be lifted ? At 6095, what load 
is actually lifted ? 


(b) Two parallel forces P and Q act respectively at points 4 and 
B. If they are like, their resultant passes tbrough C and if they are 
unlike, their resultant passes through D. If P> Q, show that 


2PQ 
CD= 
Pe gr XAB. 


Full marks 100 Your score.... 


ladder. 


Zontal linear equilibrium 


brium about the end B 
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Answers to Exercises 


1. tantu. £L met HERUM : 
H ATE 4. :56 m. 
s, m(R—r). ml, : 1 A 
ARD. 6. ar 7. 3R. 8. 3 kgf; /3 kgf- 
9,1 mitt, go mM Ee 12. 134a. 


Mpm’ mM ' dt^ 


13. AXE MGE DEM 2IM A-msin?o) . ; 144 
"M m)gsma s 


Answers to Test Questions 


2. (i) (a), (ii) (à), Gi) @, i) ©, (0 (9. (vi) (a), (vii) (3) 


3. Se : mlcos® PR ; We 
e solutions. ASEM 5. aR- 7 
6. (a) F=- W Ug A 
) ETE KS cot0; 
(b) 7,— 10:6 kgf; 7,—9 9 kgf; 0— 48°48’. 
7. (a) The box will slide first and then topple. (b) 461 k 


ao 


. (a) 27 kgf. (b) 940°8 J; 2940 J; “31; 15; 48. 
(a) 4; 6:7; 268 kg, 160 kgf. 


Solutions to Exercises 


* 


1. Let 2] be the length of the 


Considering vertical and hori- 


pN=N’. 
so aW -N'.. y 
Considering rotational €q uili- 


Wlsina= N'Icosa 


N'oauW 

o = e 

T tana= y W 
or tana =4, Fig. 3.35 


or a—tan-lg. Ans. 
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2. Considering rotational equili- 
N brium about the point of suspension 
uNxa- Na where a=radius 

of the sphere 
or u=1. Ans, 


Ww 
Fig. 3.36 


3. When the limiting frictional force on the part resting on the 


‘table is equal to the weight of the hanging part, the maximum length 
"will hang over. 


4A lLmg=p(1—h)mg where m— mass per unit length 
or ; L= ul b 
7 Bl 
4. Since the system (man-+ boat) is free from external force in the 
‘horizontal direction, the position of the centre of mass will not change. 
40x 14-140 320 
d arn Sips 


Let x be the distance of 
"walks to the stern. Then 


Ans. 


Xem 


the bow from the shore when the man 


= 40X(x-+2)+140(x+1) 
ig TERQUE TOES 


d 180x--220 
1782-9 ree =‘ 
180 > OT x-'56m. 


Thus the boat will not reach the Shore. Ans, 


__5. Since the system is free from externalforce in the horizontal 
"direction, there will no change in the position of its centre of mass. 
Let x, be the distance of the centre of M from any fixed point 
onthe surface, Then 
xu M»xy--m(x,— R--r) : 
M--m 
Let x,’ and x,’ be the positions ofthe c.g.’s M and m from the 
same origin. Then x,'—xy. 


Mx, mx, 
Cascos Pri Pd e 
M+m 


M Xem= se. 
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MxormQa—R-cr) yr 
HS S Ner ue eal 


M+m 
o (M--m)x, —m(R—r)— (M--m)xs" 
Or (M--m)(x—x,') 2m(R—r) 
Lys  mQG -r) 
X1— X; MEET Ans. 


6. Let x, and x, be the distances of the counterweight and ladder 
(man is assumed to be at the centre of the ladder) from the level of 
the pulley. Then 

3 _ Mx, +Mx2 LXX. : 
wm M+M 2 
Let the centre of the ladder go down by z. 


Then distance of its centre of mass = xs--z. 
Distance of the centre of the counterweight — (x; — z). 


Let x, be the distance of the man from the pulley. 


Then /'—(x4-z)— xg (‘relative displacement = vector diffe- 
rence of absolute position vectors) 


or X= (xo4-z) - l. 


_ M(i— z)H-(M — m)xs- z) --mxa 
M--M-m--m 


i Xom 


_ M(x,—2)+(—m) (2 z)--m(xa-z -l) 
2M 


_ M(a-z)H-M(xs--z) ml’ 
2M 


2 2M 


1 (displacement of the centre of mass of the system) 


M(x) m xtX _ ml’ 
A Oasis ae 
2M 


Xid-Xs  Xid-Xs 4 ml’ 
2 


— Xem —X' om 2 2 M 
or I. Ans. 


7. Let h be the maximum height of the step. Then distance of 
the edge O of the step from the vertical through centre of the roller is 


y R= (R-h)? =v 2Rh-Hh. 
Considering O as ‘moment centre’. 
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we have for riding of the roller 
over the step, 
W(R—h)- W4/2Rh— h? 
or (R—h)?=2Rh-h? 
or R'—2Rh-4-h? -2Rh-— h? 
or 2h8—4Rh+R?=0 


or (i-gi- 


R 
—-R=+ 
h-R=+ 


Fig. 3.37 


or 
or h=RE— 


RoR Lh RE IHR Ans. 

8. We have 
N,c0s30? 4- Nscos60? = 3g 

and — N;sin60? — N,sin30? 


or Nı ve LN =3g 


Or Ni14/34- N4— 6g 
and  N,43-N,. 
N3-3g-3 kgf 4 
Fig. 3.38 and N,-/3g- /3kgr J^ ^5 
9. Let x, be the distance of the centre of the raft from the shore 
and the man is at the centre. Then 
Mx44- mx, 
M--m 
Let x,’ and x,’ be the distances of the centre of the raft and the 
man from the shore when the latter moves /’ relative to the first. Then 
l= x, or x/!-xy-l'. 
M»xy' --mxs' 
M+m ` 


Since the system is free from external force along the horizontal, 
entre of mass remains stationary, 


Xem = = Xi. 


Now 


S 
X em= 


Xou =X" om. 


, , 
Or x, Mx ms 
M+m 
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or (M-4-m)x, 7 Mx! 4- m6! —1’) 

or ml! Z (M --m)ixy! — x) 

or ee gem , Or I= Ans. 
Differentiating, a. mem . oe 

or v (absolute velocity)= am where »'-relative velo 
or on. ae, 


Force exerted by the man on the raft 


dy. mM | a" Ans, 
dr mM at 
of the circle as origin of the frame of 


10. Let us take the centre o 
quare as x-axis. 


teference and the diagonal of the s 
Mass of the circle =nr°m where m is the mass per unit area, 


2 
Mass of the square = G) y 


C Fach side of the square— 75 J A 


NO $ 
r? 
Mass of the remainder = arm. Oy 

i 


Using the formula, Xem= mae ae 
We have e 
NOE I prema 3) XXa 
m NE 
er mre 3)x2=0 
or r+(4n—2)x2=0 


or i ro 2* Proved. 


ws that it is on the other side of the centre, 


aseye 
The negative sign sho 
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11. Considering linear p equili- 
brium along horizontal and vertical, 
uN-N' 

wN'--N-«W. 
Co s N-wyN'W-—N 
Or (un^ 4-1)N — W. e 
Considering rotational equili- 
brium about A (taking the length of 
tbe ladder 21), 
W x Icos0+pN2I/sind = N2/cose 
or (l--un')Ncos0-4-uN2sin8 
= N2cos8 
Fig. 3.40 or (1-4-nn)cos0--2usin0 = 2cose 
or 2psiné=(1—pp’)cosd 


or tang-l—!M Proved. 
2p 


12. Considering horizontal and 
vertical equilibrium we have, 
Nsin0 = uNcos6 
W =Nsin0+-Ncosd 
.. tan0-y. 
The required height 
=h=a—acos0 


1 
(ao 
y I8 
Fig. 3.41 evi il SNe 
ig a(1 2 ) 134a. Ans. 


13. According to Newton's third law as the body m moves down 
to the left, the body M will go to the right. During its journey 
from B to C, M will go from right to left. This way M will perform 
oscillating motion on the horizontal smooth surface, 

Let us take the dotted line through B as the reference. The initial 
distances of M and m from this line are 0 and /cosa. 

Distance of the centre of mass of the system (M--m) 


— M.0--mlcosa 
M--m ^ 


Let m come down by z along the plane when actual positions of 
M and m are xy and Xm from t 


1 : he reference line. Then the actual 
ci placement of M is xy to the Tight and that of m is (Icosa— xm) to 
the left. 


-. Distance of the centre of mass from the dottedjline 


— Mxy+mxn 
Mem - 
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As the system is free from external horizontal force, the position 
of the centre of the system must remain stationary. 


. micosa_ Mxy--mXm 
~ Mm M--m 


or mlcosa — M xs 4- mXm . (© 
Since z is the displacement of m down the plane, zcose is the 
relative leftward horizontal displacement of m relative to M and 
zsina is the vertical downward displacement of m relative to M. 
zcosa=(Icosa—xXm)—(—xu), since relative displacement is 
the vector difference of the absolute displacements 
and zsina=jm—0=Ym (~ a no vertical displacement 
of M). 


Putting the value xy, in (i) 
M(zcosa — Icosa-1-xg) 4-mxy, = mlcosa 


or Mzcosa-I- (M 4-m)xm — (M 4-m)Icoso. 
Differentiating w.r. to t, z cosa— — (M --m)Xs 
or Macosa — — (M 4-m)am 


where a is the relative acceleration of m relative to M and az is the 
absolute acceleration (horizontal) of m to the right or (—az) is the 
leftward acceleration of m. 


acosa- (1475 az (numerically) 


and asina — ay. 

The forces acting on mare: mg, downward and N reaction of 
the incline at an angle a with the upward vertical. 

Considering horizontal and vertical motion of m 


x macosa 
SIA = mMacosa 


mv Mym 
lr 


and mg — Ncosa —may = masina, 
Eliminating N between these two, we have 
cos?a L 

mMAacos'* _ masina 


É (M 4-m)sina 
us (M-4-m)gsina 
or -~ M+msina ` 


When m comes from 4 to B, its relative displacement is /.. 
1-iat* (from s=ut-+ jat?) 
_(M+m)gsina p 
et s M --msin?a ` 


C. Y. H. PHY.-12 
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"e y 2I(M + msin?a) 
v5 «X (M-4m)gsina 
This is the time taken to make 1th of an oscillation by M. 
21(M +msin’a) 
(M-m)gsina 
2x 392(2:8-1-:95sin?30?) 
(2:8 +-"95) x 9°8sin30° 


+ T=4t=4 


=4 =1:44s. Ans. 


Solutions to Test Questions 


1. See Introductory Physics Part I for (a) and (b). 

(c) MET. 

(d) Two unlike equal parallel forces. 

(e) No, a machine does not save our time. In an axle and Wheel, 
the load is raised at a low speed. 

2. (i) (a). 

(i) (d). In limiting equilibrium 
we have for ‘linear equilibrium’ 

mgsin30°= pN 
and mgcos30°=N 


or u=tan30°= vy 


Considering rotational equili- 
brium about the centre of mass, 


: uN X $-Nxx 
Fig. 3.42 
a 
or a 
TM 


(iii) (a). In the limiting e uilibrium i —tana, 
obtained from the consider; a E a 
fit is about to topple, the n. 


í rium p= This relation is 
ation of limiting linear equilibrium. Since 
ormal reaction is at the lower edge A. 


Ep ECCE or yu-]. 
Gv) (9. (v) (3). 
(vi) (à. — (vii) (d). 
3. True. Let him weigh out 27 to a customer, 


Y A z Let W, and Wa 
be the weights of material he gives away to the cu 1 
blare the lengths of the arms then 3 customer, If a and 


Wia-Wb and Wa=W,b, 
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He gives away (W,+W,) instead of 2W. 
Loss =(W,-+ W,)-2W = w(4+£)—2v 
a 


zy a=? 
ab 
This is always positive whether a>b or b>a. Hence the trades- . 


man always loses, 
: (ii) If persons stand up, the cg of the system (boat-|- passengers) is 
raised and so it is likely to capsize. 

(iii) In case of a log the frictional force is distributed all along its 
length and so it is effective at the mid-way between the end where 
the force is applied and the centre of the log but in case of a bench 
the frictional force is at the end. So to turn the log torque of 


magnitude umg is needed and to turn the bench a moment of 


magnitude mgl is needed. Hence it is easier to turn a log than a 
bench of the same weight. 

4. Let x, be the distance of the 
lower edge A of the cube from a 
fixed point O. Then distance of m 
from O is (x1--/cos0). Let b be the 
horizontal distance of the cm (centre 
of mass) of the wedge from A. Then 
the distance of the cm of the system 
from O is given by 

E m(x3 4-Icos8) -- M o 3- b) 

008 7 3 
mM, Fig. 3.43 


Let x,’ be the distance of the edge 4 from O. 


Then pug m+M : 


Since the system is free from external (horizontal) force, xem 
remains unchanged. , 
2. Xem=X em 
mx, mlcosó-- Mx, Mb mx; +Mxy'+Mb 


or 

or micoso=m(x1' — 1) +M% =x) 
" mlcos0 — 455 

Orc T EM 


5. (a) Let us take the centre as origin of the frame of reference 


and radius of the hole as x-axis. 
Mass of the disces Rm where m= mass per unit area, 
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H s R 
Mass of the section— 1/?; at a distance PE 


Mass of the remainder = n Rm — ar?m. 


mx 
Using the formula eo 
ar?mx A4 (x. R*m — nr?m)xs 
os n Rim 
2 — Rr? 
or IX +(R?—r?)xa=0, or x= IR 


The negative sign shows that it is on the other side. 


PR 
2(m-—r2y 

(b) Let x be the distance of the 
cross from the centre. Considering 


*rotational equilibrium about the 
centre’, we have 


wo am 
up WE x(4-s) 


where / is Re length of the beam 


ce X= 


alg 


Yu The cross is at a distance L from the centre. Ans. 


6. (a) Considering horizontal and vertical equilibrium of one 


half of the chain, 2- Fsing and T= Fcoso. 


Fig. 3.45 
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Considering equilibrium of the entire chain 
Fsin94-Fsin8— W. 
W 


NS F= inv Ans. 


T= Fcos0— P cott. Ans. 


(b) Considering horizontal and vertical linear equilibrium we 
thave 
Ts 
T.cos0— T4cos45?, or Ticos0— -z5 
1 2 1 2 


Ts 


and T,sin9 4- T;sin45? = 15g, or Tjsin04- vs bn 


T,sind 4- T,cos0 = 15g. 
Considering ‘rotational equilibrium about Q’, 
5g¢x'04+10g x 14= T, x 20sin8 
15:68 — T, x 20sino 
T,sind = 784. 


or 
T,cos0 = 15g — 78:4 = 147— 78:4— 68:6 N. 


Squaring and adding, 
T,= y 718:4:4-68:65 —104 N=10°6 kgf. 


neg 78:4 
Divid eo Cars 
jviding, tan8 686 1:14 


9 —48?48'. 
& Ty54/2 T,0089= y 2X 68°6 =97 N=9°9 kgf. 

7. (a) The box will slide when 
the inclination is 

tan7.4= 21°48". 

It will topple when the reaction 
is at the lowest position 4. Consi- 
dering rotational equilibrium about 
the centre, 


a ts 
N3 —uN 5 
or ul Fig. 3.46 


Or inclination = tanp=tan-11 —45?, 


So the box will slide first and then topple. Ans. 
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(b) Considering ‘translational equilibrium along the vertical and 
horizontal’, 


60g = V+ V,+Tsin30° . i 
H,=Tcos30° z- (i): 
Considering ‘rotational equilibrium about C’, 
(Vi--V3)3 = 60g x 1°5-- H, x2 
or 3(Vi4-V,)—90g--2H; .. (ii). 
Combining (i) and (iii), 
60g = 1(90g 4-2 H;) -- Tsin30? 
or 180g =90g-++-2H,+37sin30° 
or 90g = 2H,+3Tsin30° .. (iv)- 
Combining (ii) and (iv), 
90g = 2Tcos30° + 37sin30° 
a 90g —2T-8g —27- 
i= IX 8663.5 =278g=27'8 kgf. 
H;-— Tcos30? =27°8 x 866 =24'1 kgf. 
V,+V2= 60g —Tsin30 = 60g —27°8g x ‘5 = 46:1 kgf. 
Thus, T (tension) —27'8 kgf, 
Hs (horizontal reaction at B) —24:1 kgf and 
Vi--V4 (combined vertical force) = 46:1 kgf. Ans. 


8. (a) Considering free-body diagram of the system (plank -- man), 
3T=80g 4 3T 


| 

y 81g 

So the man must exert 27 kgf on the rope. Ans, 

(b) Input work done by the effort = 40g x2:4—940'8 joule. Ans. 
Output work done on the load= 600g x ‘05= 294:0 joule. Ans. 


Efficiency of the jack = 600g x‘05 _. 
CS iar Tarr tara Ans 


T= 28 27g =27 kgf. 


Actual M.A, —9908 
40g 


Efficiency — Actual M.A. , 
Ideal M.A. ° 
Ideal M.A. =48 nee 
9. (a) Input— 40g x 60— 24007 joule 
_ Output 
“2400g * °F Output—1440g joule— jy x 9 


W (load) = 160g 
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Actual MA. E 4) Ans. 


.6— Actua Actual M. Â.. 
-Ideal M.A. 


Ideal M.A. =4 =6'7. Ans. 


At 100% efficiency, ideal M.A. is effective. 


67 = lad, or Load=268 kg. Ans. 


At 60%, load=160 kgf. Ans. 
(b) The position of the resultant of two parallel forces is given by 
Fat fateh 
FF... 
Let us take A as reference point. 
zzo Or Pray OZAR 


x= 


AC= 


P+Q P+Q 

Px0—QxAB | —QxAB 

an LEADAN Or AD = ^ 
d AD P-O n P-Q 


QxAB QxAB . 2Pa 
Tao P= Q P p-g 4 Proved. 


—— 


CD-AC-AD- 


ate Sewn anne eons eem 
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Topics : Work, Power, Energy 
Principle of Conservation of. 
Energy : Work-Energy 
Theorem 
Collision of Bodies : 
Elastic and Inelastic 


Ted 


4.1 Work, Energy and Power 


i force (F) is displaced. The work done is 
Work is done when a du cs a 


Using vector notation, 


dr dW=F. dr. 
o : (i) When the force and displacement 


are in the same direction, 
9—0, cosü— +1, 
Fig. 4.1 work done is Positive. 
(ii) When the force and displacement ar 
@=180°, coso— — 1, work done is negative. 


(iii) When the displacement is perpendicular to the direction of 
the force, 9—90?, cos0— 0. No work i 


is done, 
Work is a scalar quantity. Its unit is Joule. 
9f doing work. Thus, 


€ in opposite directions, 


Poweris the rate 


Power — V9rk done 
time taken ` 

—joule/sec). 

Power of an agent is given by P-E. Y 
where F is the force applied b 
on which the agent applies the 

The energy Of a system is its Capacity of doing work, 

Mechanical energy may be of two types : 

(i) Kinetic energy, (ii) Potential energy. 

The kinetic energy of a System is 

T-—imy, 


The unit of power is Watt ( 


Y the agent and vis the velocity of body 
force, 
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. The potential energy of a body in the gravitational field is 
given as U=U,+mgh 
where U= potential energy of the body at the ground level. 

This is true only for object near the surface of the earth because 
g is uniform only near the surface. 

The strain potential energy of a spring is given by U— 1kx? 
where k is the ‘force constant’ of the spring and x is the change in 
length of the spring. This change in length may be either a com- 
pression or an extension. 


4.2 Principle of Conservation of Energy 


Conservative and Non-conservative Force- If the work done by a force 
in moving a body from one point to another depends only on the 
positioas of the body and not on the process or path, the force is 
said to be conservative. The gravitational force, the spring force, 
elastic forces, the electric and magnetic forces are examples of con- 
servative forces. If the work done depends on the path, it is said 
to be non-conservative force. Frictional force is an example of 
non-conservative force. 


Work-Energy Theorem. Work done by external forces on a body is 
equal to the change of kinetic energy of the body. This is true both 
for constant forces and variable forces (variable in both magnitude 
and direction). 


Principle of Conservation of Energy. Energy can neither be created nor 
destroyed by any process. 


However, energy can be transformed from one form into 
another. 


Note. The principle of conservation of energy and work-energy 
theorem are universal principles. They can be applied to all 
problems without any hesitation. 


4.3 Collision of Bodies 


Elastic Collision. When two bodies meet with certain relative 
Speed they are said to collide with each other. In collision there is 
transfer of kinetic energy from one body to another. When the 
transfer of kinetic energy takes place in such a way that the total 
kinetic energy is conserved, the collision is said to be perfectly 
elastic, or simply elastic. When kinetic energy is not conserved, 
the collision is said to be inelastic. Further, in a collision, if one 
body is embedded into the other and the kinetic energy is not con- 
served, it is a completely inelastic collision. In inelastic and com- 
pletely inelastic collisions there is always loss of some kinetic energy 
.and this energy is converted into other forms, mostly heat. 


The collision is said to be ‘direct’ or ‘head-on’ if the relative 
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motion before and after collision isin the same direction; if not it 
is an ‘oblique collision’. 


In Solving Problems on Collision of Bodies Remember the following Points— 


(i) Apply the principle of conservation of momentum. In one- 
dimensional direct collisions one equation is obtained by equating 
momentum before and after collision in the direction of motion. Jn 
two-dimensional collisions select line of impact as X-axis and line 
perpendicular to it as Y-axis and obtain two equations by equating 
momenta before and after collision along X and Y axes. 

Remember that momentum is a vector quantity. It may be 
positive or negative depending on the direction. Choose any one 
direction as positive; the opposite will be negative. 


(ii) If it isan elastic collision apply the principle of conservation 
of kinetic energy. For inelastic collisions apply the principle of 
conservation of energy to obtain an additional equation. 


(iii) Remember there is no change in momentum along the 
common tangent to the colliding bodies. 


Newton’s Experimental Law. Coefficient of restitution—A ccording tO 


Newton the relative velocity of a body after collision is proportional 
toits relative velocity in the same direction before collision, with 
reversal of its sign. 


Here, relative velocity means the relative velocity of any one of 
the colliding bodies (say A) with respect to the other colliding 
body (say B) 


_ The constant of Proportionality is called coefficient of restitu- 
tion (e). 
That is Vas (after collision) — ex y’ 
This is Newton's law of collision. 
For elastic collisions, e =], 


an (before collision). 


For inelastic collisions, e< 1. 


CRITICAL QUESTIONS 


1. Two springs A and B i i e ct 
B, that is, pe na nd B are identical except that 4 is stiffer than 


[o] i : : : 
Solche TA Which spring more work is done if they are 


force ? 
Ans. We haye FHKyx,=kgxy. Wy = ix? and Wy = 1esxg?- 
Wa ks xk ky _k 
Wy, Picasa En D ME 6 W> Wa 
So more work is done on B. 
2. Does the work done in rais; é 
on how fast it is raised 2 ie gee: box onto a plkttótm: depen 


ns. No. B a 
pena ecause work done depends only on the displacement 
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3. Is their any gain in power in an ideal machine ? 

Ans. No. Because in an ideal machine output and input are equat 
and the time in which input and output works are done is the same 
and so no gain in power. 

. 4. Work done by external forces is always equal to the gain im 
kinetic energy. Is it always true ? 

Ans. Yes. This is the universal work-energy theorem. 

5. |f there is a definite force and there is definite displacement 
of it, does that mean that work is definitely done by the force ? 
Explain. 

Ans. No. The work done is given by three factors F, x and cos. 
That is, W —F x cos0. So if F#0, x40, even then W can be zero if 


m 3n 
6=—, —. 
num 

6. The work done by the resultant force is always equal to the 
change in kinetic energy. Is it possible that the work done by one 
of the component forces alone will be greater than the kinetic: 
energy? Explain. 

Ans. Yes. If Fi and Fi are the component forces and ry 

APETA es 
and Te are their displacements then F3 . rı + Fo. ra =T 
The dot product may be positive or 
E ED 


T ES : P E 
negative, So if F; . rı is +ve and F; . r, is negative, F; . rj» T. 


7. In a tug-of-war one team slowly gives way to the other. What 


work is being done and by whom ? 


isdone by the winning team on the other team. 
up n ete by all external forces (force exerted by 


H et work done ) 
Piet E ind the frictional force of the ground) is zero as the 
change in kinetio energy is zero 
8. Does the work done by 4 force depends on the frame of 

. es 


Teference ? 


> o> i> 
or Fy. rn —-T--Fs.re 
n, 


iusti is Jet us consider a stationary frame S 
OUS Yes. 1o gus oly coincident. noe Pu f a 
Test in Du is cident frame, be observed by m o AMNES 
two frames. CAS further a constant force n ee ig ale ng s 
9n the particle at the moment S’ starts NUN = d of S. 
Then obviously x—X 4f; where SRS n 
So x-Xdu 


cam 
and po 
Or a=a. 
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So both observers observe the same acceleration. Let us now 
calculate the work done as observed from the two frames. 


W =F.x= F(x' ut) =Fx'+ Fut =W' 4 Fut. 
Obviously WW’. 


9 Work done by external forces on a body is equal to the 
change in kinetic energy ofthe body. This is called work-energy 
theorem. Does this theorem depend on the frame of reference ? 


Ans. No. It is a universal Principle. It holdsin all the frames 
of reference. , 


10. When is a collision elastic? Is total energy conserved in 
elastic collision? Is kinetic energy ? 


Ans. When kinetic energy of the system (the two colliding bodies) 
is conserved, collision is elastic. The principle of conservation of 


energy is a universal principle, it is obeyed in all phenomena. Yes, 
kinetic energy is conserved. 


11. Is total energy conserved in inelastic collision? Js kinetic 
energy ? 


Ans. Yes, the universally true principle of conservation holds. 
No, kinetic energy is not conserved, 


*I2. Consider a one-dimensional elastic collision between a given 
y B initially at rest. How would you 


— nd») = maya? 
: , 
ve WV =y C^ ys v^) 


Y,—Yi =», 
m; 
Adding an (ri my, or p= 2^ 
m, TO 
a m; 
<“ (@) vis maximum when ms is negligible in comparison to mı 
(b) p,—m;v,— 2myv, 2mymsv, 2myy, 
1p mem, I m 
; m ma 
Obviously p; 
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2 
y 
(c) T,—imv-ims ade 
14 
' m 
— 2mm? _ 2m,?v,2 
mı +m)? mı —\2 
(mrm A 
Vm 
2 2 
Now ( um ms) - (m. - ym) +4m,. 
yma Anis 
2 
: ^ ; m ES 
Obviously T, is maximum when (me vm) is minimum but 
vma 
2 
it is minimum when (2 — ns) is minimum. This is a positive 
«/ma 


quantity. Its minimum value is zero. 


: > m — } 
T, is maximum when 1 —4/m,-0, or m,-m» that is, 
vma 


When masses are equal. 


13. If a particle of mass m, approaches another particle of mass 
m», initially at rest, with speed v;, the speed of the centre of mass of 


the system is v, ——U2"— before collision takes place. Will the 
my mg ud 
Speed of centre of mass of the system change after collision ? 
Xplain, 

Ans. No, the speed of the centre of mass will not change because 
the Speed of the centre of mass will change only when some external 
force acts on the system. During collision, only the two bodies 
interact and so there will be no change in the speed of the centre of 
Mass of the system. 


OBJECTIVE QUESTIONS 


LA box of 40 kg is pushed through 20 m by two coolies 
ona SM vaio faving 0'4 coefficient of friction with the box, 
The work done by the two coolies (take g — 10 ms? and assume 
forces applied to be horizontal) is (a) +3200 J, (b) —3200 J, 
(c) +1600 J, (d) —1600 J. 

Ans. (a). 

. 2. In the above example, the work done by tbe frictional force 
is (a) +3200 J, (b) — 3200 J, (c) 1600 J, (d) — 1600 J. 


Ans, (b). 
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3. In the above example net work done by external forces on 
he box is (a) 3200 J, (b) 6400 J, (c) zero, (d) 1600 J. 


Ans. (c). 


4. A spherical ball of mass 4 kg, moving with 10 msi, makes 
‘head-on elastic collision with another sphere of mass 12 kg at rest. 
The speed of the 12 kg body is (a)4 ms-!, (b) 5 ms, (c) 6 ms, 
(d) 3 ms. 


Ans. (b). 


5. In the above example, the velocity of the4 kg mass after 
«collision is (a) +5 ms-!, (b) —5 ms=, (c) 4 ms-!, (d) 4 ms, 


Ans. (b). 


6. A body of mass m, and speed v, makes head-on elastic collision 
with a body of mass m,, initially at rest. The velocity of m, after 
AIRE m;--ma, py 7à rs, 2miy, 2m; 
collision is (a) mmo (b) meom (c) WES (d) pmo 

Ans. (b). 

7. In the above example 6, the velocity of mass my after collision 

4 M+, m;— ms 2m,v 2moy. 
s (a) —— —w, (b) — 2, (c) A701 (a 291 
is (9) "Ens ©) maemo 2r, (a) ae 

Ans. (c). 

8. A body of mass m 


) d and speed v makes head-on collision 
completely inelastically with another body (of mass M) atrest. The 


velocity of M after collision is (a) “=m my 2m» 
( rre rA) Mim? © Mym’ 
2My 
D rcm 
Ans, (b). 


9. The potential 
and extended through 


Ans. (b). 


energy of stretched spring of force constant K 
* Is (a) kx?, (b) tkx®, (c) ns, (d) 1x. 


10. The total gravitational i 
at a small height h is mgh. Tee AT a A RN mar ae 


Ans. False. The potentia] GST j 
i : is U,- the 


relative to the reference level. The absolute v. itational 
5 . al ona 
potential energy above the surface of the earth m of the gravitati 


GM, 
(- A )emet. 
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11. The potential energy of a particle is given by u=4 2 
gm 


where a and b are positive constants, r is the distance from the centre 
of the field. The stable equilibrium position of the particle corres- 


ponds to the distance rọ given by (a) roa (b) m= — (c) r=, 


(d) nae 


Ans. U-i- 2 -( zo Ve a (22.65). 


(completing the square) 


_(va_b\ 8 
"Nr  2ya/ 4a 


i is minimum va b -o0 orr=%. 
Obviously U is minimum when s IVa o b 
Ou. FA 
By calculus : m sta: 


When U is minimum, a =O) 
—2a, b 2 
—MuT oF r= > 


So the answer is (c). 

k done by a force of 3 kgf in lifting a load of 1 kgf 
to es "Ar 5m is Q 98 joule, (b) 147 joule, (c) 9'8 sie 
(d): 14:7 joule. Fe 

Ans. Work done by a force is given W=J F. dsand it does not 
depend on the mass of the body on which it works. Here 
W —23g x 5x cos0? —147 J. 


So the answers is (b). 

13. A ball of mass m approaches a moving wall of infinite mass 
with speed v along the normalto the wall. The speed of the wall is 
u towards the ball. The speed of the ball after ‘elastic’ collision 
with wall is (a) u+» away from the wall, (b) 2u+v away from the 
wall, (c) u— v away from the wall, (d) v—2« away from the wall. 


Ans. Let the wall move to the right and let us refer all the velo- 
cities in this direction. 
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Before collision : 

Relative velocity of the wall relative to the ball =u—(—yv)=u-+v. 

After collision : 

Relative velocity of the wall relative to the ball=u— y’ where v^ 
is the velocity of the ball to the right after collision. 

By Newton’s law Of collision, 

u—v'=—(u+y), or w=2u+y, 
So the answer is (b). 


NUMERICAL QUESTIONS 


1. A ball with a speed of 9 ms- strikes another identical ball 
such that after collision the direction of each ball makes an angle 
30° with the original line of motion. Find the speeds of the two 
balls after the collision. Is the kinetic energy conserved jn this 


collision process ? (LI.T. 1975) 
Sol. Take line of approach as x-axis and a line perpendicular to it 
as y-axis. 


Before collision After collision 


Fig. 4.3 


Fig. 4.2 


From conservation of momentum along x- and y-axes, 
m X9 —mv,cos30?-I-mv,cos30? 


and 0 — mv,sin30? — my;sin309 
or Yi Y2— 64/3 
Yi — Ya 


Yi—Y2—34/3 ms, Ans, 
Now Ty—T,— àm(34/3? x 2— 3.92 
So the kinetic energy is not Consery 


*2. A 0'5 kg body slides from the point i 
zontal track with an initial s point A (see figure) on a hori- | 


) Deed of 3 ms-! toward ightless | 
horizontal spring of length 1 m and force constanth 2 WD The) 


= —13:5m joule. 
ed. 
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part AB of the track is fric- = ; 
tionless and the part BC has ml 1 
the coefficients of static and 

dynamic friction 0:22 and 0:2 


respectively. Find the total Fig. 44 


distance through which the 
block moves before it comes to rest completely (g —10 ms-?), if 


AB —2 m and BD —2:14 m. (LLT. 1983) 
Sol. The kinetic energy of the body — 3x 5x3*—2725 J. 
Work done by frictional force over BD — uymg x BD 
—2x'5x10x214 
—2:14 J. 
The rest of the energy (225-214)-011 J is used in compressing 
the spring and doing work against friction. 
Work done by elastic force — — kx? = —$x2xx*- x". 
Work done by friction = —pmg¥ = — 2x 5x10xx-2-x. 


Work done by gravity —0. 
Net work done by external forces — —x*—x+-0= — (x*-- x). 


By W-E theorem, —(x?4-x)2 0— 11 
x*-px--11 
100x?--100x — 11 2 0 
(10x--11)(10x — 1) 20 

x-4y-'l1 m. The other value is not acceptable. 


or 


After this the block may describe some distance if it is pushed 
If the force of the spring exceeds the static 


back by the spring. i 
limiting frictional force the block may describe some additional 
distance in the backward direction. 


Limiting frictional force- ugmg 222 x:5x 10— 1:10 N. 


Force of the spring kx -2x'1— 2N. 
So the spring cannot push back the block. 
Total distance described 2--2:144-1—4'24 m. Ans. 


3. A 20 gm bullet pierces through a plate of mass M,=1 kg and 


then comesto rest inside a second NUT 
plate of mass Ma = 2:98 kg as shown. 

It is found that the two plates, M; 
initially at rest, now move with 

equal velocities. Find the percentage ded A LIN ER 
loss in the initial velocity of the 
bullet when it is between Mı and Mo- 
Neglect any loss of material of the 
plates, due to the action of the 
bullet. (LLT, 1979) 


C. Y. H. PH.-13 


Fig. 4.5 


194 COACHING AT YOUR HOME PHYSICS 


Sol. By conservation of momentum principle, 
029, 5:02 x x4 4-1 X va 
° where "Yo = initial velocity of the bullet 
y, — velocity of the bullet 
between M, and Ma 

ya — velocity of Mı 
and *02v, = (2:98 4-:02)v,. 
Eliminating vs, ¥, = yg 75v, 


si % losses = za TSn L25 or 25%, 


Ans. 
o Yo 


4. A body of mass m is pushed with initial velocity v, up an 
inclined plane set at an angle a to the horizontal. The friction 
coefficient is equal to k. What distance will the body cover before it 


Stops and what work do the friction forces perform over this 
distance ? 


Sol. Work done by gravity= —mgssina where sis the distance 
described along the plane. 

Work done by frictional forces— — kmgcoso.s. 

Net work done by external forces— —mgssina— kmgcoso. s. 

By work-energy (W-E) theorem, 
—mgssina — kmgscosa —0— my 

ciui 1t 

S 2g(sina+-kcosa) ` Ans. 


#5. A chain of mass m 


or 


=0'8 kg and length /=1:5m rests on à 
rough table so that one of its ends hangs over the edge. “The chain 
slides off the table all by itself when n— 1/3 of its length hangs. What 


will be the total work done by the frictional fo A 
í br c ci t the 
chain by the time it slides completely off the table ? TONER 


Sol. The chain slips when ‘nl’ 


the table, length hangs and (J—nl) lies on 
ur u(I— nl) X pg =nlpg where p is the mass per unit length of the 
ELI HV ELE 
pulsar d- o 


Let x be the instantaneous le 
Then unbalanced force on th 
By the second law of motion 


ngth hanging down the table. 
€ chain— xpg — n(/— x)pg. 


Xpg —u(I— x)pg — 15" 
eg lo 
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or xg—u(=x)g=12 2 ž 

or (l +u)xg—nlg= vË (- =Z) 
or (Heera 

or xg—nlg=(1—n)v@ 

or gxdx — nlgdx— (1 — n)lvdv. 


y? 
Integrating, $gx?—nlgx=(1— nyt c. 


When x=nl, v=0. 
igm—mnMg-c or c-— igni. 


(1 =n -igx*-nlex4d- ign? 


= 1g -n*P) - nlgx 
or (l-n)? =g(x?+n l) — 2nlgx. 
When x=/, the velocity is given by 
(l n) - (In) — 2ng 


»1- gl(1—n). 
K.E.— 4m? = àmgl(1 — n). 
Instantaneous force due to gravity =xpg. 


Elementary work done by gravity — xpgdx. 
ti 


<. Work done by gravity -f xpg dx 


nl 


or 


l 
-w() —jeg'(ü-m)edmsü-m) Ce 
nl 


Now by work-energy theorem, — — 
W gravity t Wrictton = change 1n kinetie energy. 
s. imgl1—m)- Wrrictton = imgl(l— n) -0 
or VIGOR zimgl(l— n) - àmgl(1 — m) 
zimgll-n— 1-- n?) 2 — ámgin(1 — n). 
B D . . —:5) 
ain W = 1x 8x98X 15x 5 
giua ae 9:8x D5x:25-2 —13 J. "int 
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m=lIp). 
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*6. Two blocks A and B are connected to each other by a string 
and a spring; the string passes over 
a frictionless pulley as shown in the 
figure. Block B slides over the hori- 
zontal top surface of a stationary 
block C and the block A slides along 
the vertical side of C, both with the 
same uniform speed. The coefficient 
of friction between the surfaces of 
Fig. 4.6 blocks is 0:2. Force constant of the 

spring is 1960 newton/m. Ifthe mass 

of block 4 is 2kg, calcutate the mass of block B and the energy 


stored in the spring. (LI.T. 1982) 
Sol, Let m be the mass of B. From its *free-body? diagram, 
T—uN-mx0 
where T —tension of the spring 
and N-mg; 


“. T-yumg. 
From the ‘free-body’ diagram of the spring, 
T—T'—0 where T’ is force exerted 
] by A on the spring 
or T=T' = umg. 
From the ‘free-body’ diagram of A, 
2g—(T'+uN')=2%x0 where N’ is the normal 
Teaction of the vertical wall of ConA 
and N’=2x0 (as there is no horizon- 
tal acceleration of 4) 
2g=T'=umg; or m= E. p 10kg. Ans, 


Tensile force on the Spring— 7 or T' — ung 


='2x10x9 8=19%6 N, 
tensile force = force constant x extension, 
& 196=1960x or xX=3}5 m. 
Now, U (energy of a Spring) = ikx? 


=2X1960x(735)?=:098 joule. Ans. 


7. A rope ladder with a length 

au is attached to the bas pA 
System is in equilibrium in air. F; 

climb into the basket. "Wher Eee York the Dabo 
climbs the ladder with a velo 


Now ina spring, 


e cy o upwards, (ii) gravitational pull Mg» 
downwards, (iii) gravitat ; a 
p (i) g tonal pull mg, downwards (iv) Fmanz 
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ae E men goes up by /, the balloon goes down by some 
. For equilibruim of the system in the beginning (when the man 
is stationary) emn 
F=Mg-+mg. 
When the man ascends : 

Work done by F= —F.h. 

Work done by Mg=Mg.h. 

Work done by mg ^ —mg(I— h). 
Net work done=—F.h+Mgh—mg(l—h)+Wman=0 (since there 

is no change in kinetic energy of the system) 


W man — mg(1— h)+Fh—Mgh 


or 
— mgl ^ mgh--Mgh--mgh— Mgh 
C? F=Mg-+mg) 
or W man mgl. 
This result can be obtained at once from a system fixed to the 
ladder. 


Wman=mgl. The work done by all other 
displacements in this frame are zero. 


olute) of the man upward and V is the 
) velocity of the balloon 


—mgl+Wman=9 oF 
forces is zero because there 


Let vm be the velocity (abs 
absolute (i.e. relative to the ground 


downward. 


Relative velocity of man relative to balloon 
=Vvm—(—V) =v (given) 
or Ym=v—V. 
By the conservation of momentum principle, 
Mym+M(—v)=0 


= my 
or m(y-V)-MV=0 oriV- Acn Ans. 


8. A system consists of two identical ‘cubes, each of mass m, 


linked together by a compresse 
weightless spring of stiffness k. The 
cubes are also connected by à 
thread which is burnt at a certain 
moment. Find at what values of 
initial compression e of the spring, 
the lower cube will bounce up after 
the thread is burnt through. 


Fig. 4.7 
Sol. Let us take the horizontal line through the c.g. of the 
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lower cube as the reference level. Let / be the natural length of the 
spring. 


Then initial energy of the system=3ke?-+mg(I—c). 
Let the spring extend by x after the thread is burnt. 
The final energy of the system= 3kx*+ mg(I3- x). 
^o gke'-Emg(I— e) = 1kx?+mg(I+x) 
(by principle of conservation of energy) 
or 3kx*+mgl+mgx—itke— mgl+mge=0 
or kx®+2mgx—ke®+2mge=0 
or x= -2mgt4/Am!g?—4k(Qmge—ké&). 
2k 
or kx=—mg+./(mg—ke? 
= —mg +(mg—ke) 
— —ke or ke—2mg. 
—ke is not acceptable. 
kx=ke—2mg, 
The lower one will bounce up if kx> mg (the weight of the 
lower cube) 


or ke—2mg > mg 
or ke >3mg 
or ez 3mg . 

k 


Thus for all values of e greater than omg. the lower cube will 


bounce up. 


*9. Three identical discs 4, B and C rest On a. smooth horizontal 
Plane. The disc A is set in 


motion with velocity y along 

the perpendicular bisector of 

Pm the line BC joining the centres 

oni S As of the stationary discs. The 
V fats distance BC between the 

SMS. centres of stationary discs B 


and C is; times the diameter 

ofeach disc. At what value 

a of n will the disc A recoil, 

ig. 4. Stop, move on after elastic 
Collision ? 
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Sol. Let the angle BAC be 9. 


nd 
Then coso=2= 2. 
d 2 
Let v” be the velocity of B and C 
after collision and v' be that of A. 
Considering conservation of 
momentum along the ‘common 
normal', 
mysin0 = mv'sin + my" 
or (v—v')sineé=v" 


LX Ani 
or o-n ae Fig. 4.9 
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From conservation of kinetic energy as the collision is elastic 


we have 
imy- imv?-42.1my'? 

or yay 2v? 

or yi—y322x(v—v)*x € 

Or (v—93)(94-») 2 20— vx enis ut 
—n? 

or y+v'=(v—v’) Xx 4 2: 

cen 
or y= —VX — 


For recoil »' is to be negative. 
-. Condition is 27 m or n««2. 
2—m-0 or n-4/2. 


For stop, v—0, ~. 
Foron-move, —-rV6 < 2«m or n>vV/2. 


10. A plastic ba 
several times [rom t. 
dropped to the second im 
of restitution ? 


Il is dropped from a height of 1 m and rebounds 
he floor. If 13 s elaspe from the moment it is 
pact with the floor, what is the coefficient 


Sol. Let v, be the velocity acquired by the ball on reaching the 


floor. Then 
I vo 2h 


y» 8f and y,2=2gh, .. 
£ g 
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If vz is the velocity with which the ball bounces back, then by 
Newtons law of collision, 
Ya— €y;. 


be the time of upward journey after the first impact. 


—À 2h 
Them »,— gt, or €y,— gts Or Bu 2efi- e J”. 


The interval 
Second impact is 


Let t; 


etween the moment of dropping and the moment of 


theta ia 
2h 2h 2h 
or = [—-2e [77—-(1 2) /24 
d /5 & (esr ) 8 
4 2x1 
A 13-0422) /2%1, 
Hence €—0:98. Ans. 


*I1. Two blocks of equal mass m and connected by a spring of 
natural length / and Spring constant k rest on an absolutely smooth 
horizontal surface, A third block of the same mass strikes with 
velocity v, Calculate the velocities of the blocks when the spring i$ 
compressed as much as possible. 


Sol. Let 4 be the moving 
block and B and C are statio- 
nary blocks. 

Since A and B are of equal 

Fig. 4.10 mass, A is stopped ‘dead’ and 

B ‘takes off? with its velocity. 

Now B and C move under their mutual action and reaction and 
$0 their momentum is conserved. 

Let u, and us be their instantaneous velocities when compression 
of the Spring is x, 

hen by conservation princj 
mv= m(u-4-u, 
he ‘energy co 


ple of momentum, 

) or U-us —y (a constant) 
nservation Principle’, 

imy- amu? + mug. ikx? 


and by t 


ion Y—uy pug K ya 
m 


= (tug — uu E xi 


v= Vds) E 
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k 
or x 
E 2m 


Obviously compression (x) is maximum when u,v, is maximum 
under the condition that their sum (u,--us) is a constant. 


Now (uy-I- ug)? = (Uy — us)*-4- Attis 
or V? = (u, — us)*-- Att 
or 4utg— Y* — (uy — us. 


Obviously uu is maximum when (4 — us? is minimum. 
But it is a real positive quantity. Its minimum value is zero. 


y? 
ce (Uuo)maz= T when u,—us 


2r 2m 2 
and Ximas- k (uta) maz 7 —,- 4 e 


m 
c5 xmas= e Ans. 


12. Two particles P and Q of mass 20 gm and 40 gm respectively 


are simultaneously projected P Q 
from points A and B on the Ase as 
ground, The initial velocities Á S 


of P and Q make 45? and 135° 
angles respectively with the 
horizontal AB as shown. Each : j 
particle has an initial speed of 49 m/s. The separation AB is 245 m. 
Both the particles travel in the same vertical plane and undergo a 
collision. After the collision, P retraces its path. Determine the 
position of Q when it hits the ground. How much time after the 
collision does the particle Q take to reach the ground? g=9'8 m/s?. 

(IIT 1983) 


Fig. 4.11 


y ofa partcle does not depend on the mass 
7 i i identical trajectory as their 
of the particle, the two particles will have i aject f i 
elect of projection is the same and angle of projection with the 
horizontal is the same. Moreover, horizontal range of each 


= u?sin20 A _245= given distance. 
g 98 
H llide at the highest point of their trajectory. At the 
highest IRE velocity of each is entirely horizontal F's: velocity 
at that point is to the right and that of Q to the left. The value of 
the horizontal velocity of each at that point is 


49cos45?— E ms”, 


Sol Since the trajector. 
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Considering conservation of momentum at the highest point to 
the right, 
49 49 ) 49 ) 
Sr +40( — — )=20x( ——— )4-40» 
20% 7, +40( — 7 va 
where v is the horizontal velocity 
of Q to the right after collision 


49 49 
—20x — = —20x —— +40 
or 2 EVO Py y 
or y-0. 


So Q loses all of its momentum after collision and drops down 
to the ground from the highest point. 


So Q hits the ground at a distance 2$5— 122:5 m from its point 
of projection towards A. 
Let t be the time of fall. This is also the time of ascent to the 
highest point. 
49sin45? — 9:81 
49 


=~. = 3'536 s. É 
or t 9342 3:536 s. Ans. 


13. A ball with a velocity of 4 m/s impinges at an angle of 309 
with the vertical on a smooth horizontal fixed plane. If the coeffi- 
cient of restitution is 0*5, find its velocity and direction of motion 
after the first impact. 


; Sol. Let the ball be reflected at 
| angle 0 with the vertical with speed 
i ve Since the plane is smooth, there 

asl 1s ‘no interaction’ along the horizon- 

v taland so momentum of the ball 
lo along this direction remains 
unchanged. 

[9] 4cos60? = vcos(909 — 9) 

Fig. 4.12 or 2=ysino. ao (0) 

Relative velocity of the ball relative to the plane before collisio 

em. ; = 400830° — 0 = 4cos30?, 

elative velocity of the bal] relative to the plane after collision 
=\—Vvcos0) — 0 = — vcoso. 

By Newton’s law of collision, 


— eos = — Sy 4cos30° 


n 


s Wos-2x VS y3, T 


Squaring and adding (i) and (ii), 
V=443=7 or yo V7 m/s. 
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Dividing, tand= ES : 


Thus the ball is reflected with velocity 4/7 m/s at tan^* E with: 


the vertical. Ans. 
EXERCISES 


1. A block of mass 2 kg is forced against a horizontal spring of 
negligible mass, compressing the spring by an amount x= 15 cm. 
Upon releasing the block, it moves on a horizontal table top through 
a distance s=60 cm before coming to rest. The force constant of 
the spring is 1960 N/m. What is the coefficient of friction between 
the block and the table ? 

2. A 2-kg block is dropped from a height of 40 cm onto @ 
spring whose force constant kis 1960 N/m. Find the maximum 
distance the spring will be compressed. 
_ 3. A block weighing 1 kg 
is released from rest at point 4 A 
ona track which is one quad- 
rant cf a circle of radius 12 m. 
Itslides down the track and 


reaches point B with a velocity B C 
of 3°6 m/s. From the point B ; 
it slides on a level surface a í 

Fig. 4.13 


distance of 2:7 m to point 


C, where it comes to rest... . . 
(a) What was the coefficient of friction on the horizontal surface ? 


(b) How much work was done against friction as the body slid down 


the circular track from 4 to B ? 


4. T ticles 4 and B, having different but unknown messes 
wo parti hen B has a speed v. After collision 


collide. A is initially at rest WaS 3 A ollisi 
B has a speed v/2 and moves at right angles toits original direction 
of motion. Find the direction in which 4 moves after collision. 
Can you determine the speed of 4 from the information given 7 
Explain. 

5. Two vehicles A and B are travelling east and north, respec- 
tively, towards the same intersection. where they collide and lock 
together. Before the collision 4 (900 kg in mass) is moving with a 
speed of 40 kph, and B (1200 kg in mass) has a speed of 60 kph. 
Find the magnitude and direction of the velocity of the interlocked 
vehicles immediately after collision. 


e falls from a height 4 upon a fixed horizontal plane. 


*6. A particl 
ficient of restitution, show that the total distance 


if e is the coe 
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described before the particle rebounds is 


and the total time taken is je een 


7. A steel ball of radius 2 cm is initially at rest on a horizontal 
frictionless surface. It is struck head-on by another steel ball of 
radius 4 cm, travelling with a velocity 81 cm/sec. Calculate the 
velocities of the two balls after collision. Assume the collision to 
ibe elastic. (LLT. 1964) 

A 

*8. Three particles 4, B and C of 

equal mass move with equal speed 

V along the medians of an equilate- 

raltriangle as shown in the figure. 

They collide at the centroid G of 

the triangle. After the collision, A 

comes to rest, B retraces its path 

with the speed V. What is the speed 

B C of C? (LT. 1982) 


Fig. 4.14 


varies according to the law y-a«s, 


10. A paricle of mass m, exper; i isi 
‘ D i 1 experienced a perfectly elastic collision 
Dos does ine IM of mass m. What fraction of the kinetic 
oe; Striking particle lose, if (a) it i i S 
to the original motion direction, (b) t SORTI E 


be he collision is a head-on one ? 
4." A Shell flying with velocity y— 500 m/s bursts into three 
E fragments so that kinetic energy of the System increases 
gine What maximum velocity can one of the fragments 


12. A particle of mass m, coll ; : : 
particle of mass ma (m, «m, apace Ptica with a stationary 


i na n 2). Find the maximum angle through 
which the striking particle may deviate as a result of oljko, É 


x ner; ft 
n=1%. Find the magnitude By of the system decreased by 


14. The bob of a pendulum of length 98 i 
Eis string malig e] es g! 0 cm is released from rest 


with the vertical. It collides 
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with a ball of mass 20 gm resting on a smooth horizontal surface 
just at the position of rest of the pendulum. With what velocity 
will the bob move immediately after the collision ? What will be 
the maximum angular displacement of the bob after the collision ? 
The mass of the bob is 10 gm. . G.I.T. 1966) 


*j5, Two plates of masses 7, and m are connected by a spring.. 
What force should be applied to the upper plate for it to raise the 
lower plate after the pressure is removed ? Consider the extreme 
case when the upper plate is of negligible mass. 

, 1€ A body of mass m moving with a velocity V in the X-direc- 
tion collides with another body of mass M moving in the Y-direction 
with a velocity v. They coalesce into one body during the collision. 
Calculate— 

(i) the direction and magnitude of the momentum of the final 
body. 

(ii) the fraction of the initial kinetic energy transformed into heat 
during the collision in terms of the two masses. (LLT. 1978). 


17. A ball moving on a horizontal frictionless plane hits an 
identical ball at rest with a velocity of 50 cm/sec. If the collision is 
elastic, calculate the speed imparted to the target ball, if the speed 
of the incident ball is 30 cm/sec after collision. Show that the two- 


balls will move at right angles to each other after the collision. 
(LLLT. 1972), 


18. A cannon of mass M, located at the base of an inclined plane, 
shoots a shell of mass mina horizontal direction with velocity v. 
To what vertical height does the cannon ascend the inclined plane as. 
a result of recoil, if the angle of inclination of the plane is « and the: 
coefficient of friction between the cannon and the plane is u. 


19. Two balls of masses m and 2m are suspended by two threads. 
of the same length / and from the same point of a ceiling. The ball. 
m is pulled aside through an angle « and released from rest, after 
imparting to it a tangential velocity vo towards the other stationary 
ball. To what height will the balls rise after collision if the collision 
is perfectly elastic ? 

20. A 10 gm bullet is fired from a rife horizontally into a 5 kg- 
block of wood suspended by a string and the bullet gets embedded 
in the block. The impact causes the block to swing to a height of 
5 cm above its initial level. Calculate the velocity of the bullet. 

(LI.T. 1967) 

21. A body of mass 2 kg makes an elastic collision with another 
body at rest and afterwards continues to move in the original direc- 
tion but with one-fourth of its original speed. What is the mass of 
the struck body ? 

22. A bullet of mass 10 gm strikes a ballistic pendulum of mass 
2kg. The centre of mass ofthe pendulum rises a vertical distance- 


206 COACHING AT YOUR HOME PHYSICS 


of 12cm. Assuming the bullet remainsin the pendulum, calculate 
its initial speed. 


Fig. 4.15 


23. A ball falls vertically from rest for 2 seconds and hits a 
smooth plane inclined at 30° to the horizontal. 1f the coefficient of 
restitution be 3, find the time that elapses before it again hits the 
plane. 


24. A massless horizontal spring of force constant 100 N/m is 
clamped to a vertical wall at one end and the other end is fixed to a 
block of 1 kg which rests on a frictionless horizontal table. A rifle 
bullet of mass ‘1 kg travelling horizontally strikes the block and 
embeds itself in the block, The Spring is compressed by :] m. 
Calculate the initial velocity of the bullet. 


25. Two bodies of masses 2 kg and 1'5 kg, move towards each 
other and collide head-on inelastically. Before Collision, the veloci- 
ties of the bodies Were y; 2 1 m/s and y,=2 m/s respectively: How 
long will the combined mass move after the collision if = 0:05 ? 


27. A particle 4 of mass m i x 
i : movi 2 
surface collides with a s ving on a smooth horizontal 


z tationar ti ; 
situated at a distance d from the ee icle B of mass 2m directly, 


- The coeffici «fun 
between 4 and B and between B and the wall ERE teena 
the distance from the wall where they a 


i 1 again collide. Assume the 
entire motion to take place along a straight li 3 
the wall. ight line perpendicular to 
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*28 A wedge of mass M rests on an absolutely smooth horizontal 
surface. A block of mass m is placed on the wedge inclined at 
angle a to the horizontal. All the surfaces are frictioniess. Assuming 
that the system was at rest at the initial moment, find the velocity of 
the wedge when the block slides down the plane through a vertical 


height h. 


29. A steel ball of mass m=50 gm falls from height h=1 m on 
the horizontal surface ofa mssive slab. Find the cumulative mom- 
entum imparted to theslab by the ball after numerous bounces, if 
the coefficient of restitution between the ball and the slab is e- 08. 


*30. A wagon of mass M can 
move without friction along hori- 
zontal rails. A simple pendulum 
consisting of a sphere of mass m is 
suspended from the ceiling of the 


wagon by a string of length /. At 
AS. 


the initial moment the wagon and 

the pendulum were at rest and Fig. 4.16 

ihe string was deflected through an angle a from the vertical. What 
will be the velocity of the wagon when pendulum string forms an 
angle B (B« c) with the vertical and hence find the velocity of the 
wagon when the pendulum passes through its mean position. 

*31. A. homogenous chain of length 2/ and mass M lies on an 
absolutely smooth table. A small part of the chain hangs from the 
table. At the initial moment of time the part of the chain lying on 
the table is held and released, after which the chain begins to slide 
off the table under the weight of the hanging end. Find the velocity 
of the chain when the length of the hanging part is equal to x (x«l). 
Also calculate the acceleration and the force with which it acts on 
the edge of the table. 


*32. A plate of mass m can freely move without friction between 
two smooth walls. The lower end of the plate rests on a smooth 
wedge lying on à horizontal surface (see figure of Ex. 39 in Lesson 2) 


lying on a smooth horizontal surface. 
In the beginniug the plate and the wedge are at rest. Find the 


velocity of the wedge at the moment plate descends by h. 
33. Two balls of masses 7? and 2m are hanging on threads of 
length / fixed at the same point. The ball m is pulled to one side 


through an angle a and projected to 2m after imparting a tangential 
velocity vo to it. To what height will the balls rise after collision if 


(a) the collision is perfectly elastic, 
(b) completely inelastic. 
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34. A smooth rubber cord of 
length / whose coefficient of elas- 
ticity (spring constant) is k is 
suspended from the point 
O (see figure). The other end is 
fitted with a catch B. A small 
sleeve A of mass m starts falling 
from the point O. Neglecting 
masses of the cord and the catch, 
find the maximum elongation of the 


cord. 
Fig. 4.17 
TEST YOURSELF 
1. Answer the following objective questions : 3x10=30 


(i) A body of mass m, strikes a stationary body of mass mə 
If the collision is elastic, the fraction of kinetic energy transmitted 
by the first body to the second body is 


(a) mana , (b) 2myms - (6 4myma 2mm 
mi +m (mı +m) © (m,-+ mg * « (mie my 7 


Gi) A body dropped from a height 1 m onto fü i a 
height of 25 cm after the first rebound The cent Of ental 
IUE CREE "MN coefficient of restitution 


(iii) A horse pulls a Wagon with a force of 360 N 
i ) at an angle of 
60° n horizontal at a speed of 10 kph. The power of the Horse is 
(a) 1000 W, — (b) 2000 W, — (c) 500 W, (d) 750 W. 
(iv) A running man has half the kineti 
) inetic energy of a boy of 
rar d des The man speeds up by 1 m/s and then has abe same 
(@) 2m) gy = the boy. The original speed of the boy was 
iS, (b) (V2—1) ms, (c) 2m/s, (d) /2+1 m/s. _ 
(V) A boy whose mass is 30 k 
vertical rope 6 m long in 10 s. 
climb (g—10 m s-?) is 


(a) 60 watt, ^ (b) 3000 Watt, — (c) 180 watt, (d) 5 watt. 
(vi) A ball approaches a movi i 
v along the normal to the Salis RES 


from the balland u«v. The speed of the b i isi 

1 ll after * y 

is (a) u--v away from the wall, (b) Buty Sa PEU als 
(c) v—u towards the wall, (d) y—2y away from the wall. 


g climbs, with a constant speed, à 
The power of the boy during the 


finite mass with speed 
The speed of the wall is u away 


Sl R 
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(vii) A 30-gm bullet initially travelling horizontally at 50 m/s 
penetrates 10 cm into a wooden block. The average force it exerts 
is (a) 4000 N, (b) 375 N, (c) 2500 N, (d) 4500 N. 


(viii) A force of 8 kgf raises a load of 4 kg through 5 m first and 
then the same force raises another load of 6 kg through the same 
distance. (a) It does greater work in raising 6 kg-load, (b) it does 
less work in raising 6 kg-load, (c) it does the same work in raising 
both the loads, (d) it cannot be said unless time in which work is 


done is given. 
(ix) The power of an agent is given by 


Omre Ori OE (d) vx F. 


(x) Which one of the following is ‘watt’ ? 
(a) kg ms . (b) Nm s?, (c) kgm's?,  (d)Nms^. 


Answer any five of the following : 5x10—50 


2. Two perfectly smooth elastic discs 4 and B, one k times as 
massive as the other, rest on a smooth horizontal table. The disc 4 
is made to move towards B with velocity u and make a head-on 
collision. Calculate the fraction of the kinetic energy transferred to 
B from that of 4. Also show that the value of this fraction is the 
same whether B is k times as massive as A or vice versa. 


3. A body of mass 10 kg and velocity 9 m/s strikes another body 
of mass 20 kg and velocity 6 m/s moving in the same direction. If 
the velocity of the first body becomes 6 m/s, find the coefficient of 
restitution and the loss in kinetic energy. What happens to this 


energy ? 
4. A ball falls under gravity from a height of 10 m, with an 
It collides with the ground, loses 50 percent of 


initial velocity Yo. . 
its energy in collision and then rises to the same height. Find 


(a) the initial velocity v, and 
(b) the height to which the ball would rise, after collision, if the 


initial velocity vo Was directed upward instead of downward. 
(LLT. 1973) 


Ogm is fired horizontally into wooden 
block 5 kg at rest on a horizontal surface, The coefficient of kinetic 
friction between the block and surface is 0:2. The bullet comes to 
rest in the block which moves 5m. Find the speed of the bullet. 


6. O is a point at 


5. A bullet weighing 5 


the bottom of rough plane inclined at an angle 
a to the horizontal. Uptoa vertical height h above O the coefficient 
of friction is 2tana, above this height it is tana. A particle is 
projected up the plane with velocity V. Prove thatif V°<12gh, the 


particle does not return to O. 
C. Y. H. PHY.-14 
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7. A ballistic pendulum is used 
to measure bullet speeds. It 
consists of a wooden block of mass 
M suspended by two cords. Show 
that the speed of bullets can be 
estimated from the masses ofthe 
block and bullet and the distance 
‘d’ by which the block rises parallel 
to itsef. 


Answers of Exercises 


1. 1:875. 2: lim, 3. (a) —5:28 J; (b) *24. 
4. 27°, cannot be determined. 5. 10°6 m/s; 63°34’, 

7. 64'8 cm/sec, 145:8 cm/sec. 

8 


. C moves with the same speed along BG, that is, opposite to 
that of B. 


2m 4m,m 
9. ima't?. 10) o V Uo LU TM e 
rj mm > (mim 1l. 1 km/s. 


T Ma 
12. sitomar = 13. 5 m/s. 14. 2° cm/sec; 0— 19. 
15. F-mijg--m;g; mg. 


16 mM (u*4-V?) 


"FM PARIS ATTS - m?y,*sina 
(rin) (n EM" etn 2M*gSina--ucosa) 
1 
19. h= Fee Uo 28I( — cosa], 
h=- [vet + 20l(1 
2= 18g "o * 28K(1 — cosa)]. 
20. 496 m/s. 21. 12k 
- 12kg, 22. 308 
24.105 m/s. — 25. +58 s, 27. de 23. 3 s. 
28. Joro 2m?ghcos?a 
(MEMM -Emsigfa) * 29. 2 Ns. 


30. 2msina/2 v c re M. 
(fimar 3L JE x; N-z pr a 


2mgh 
52 — EER 
, M+mtan?a° 
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, 1 5 
33. (a) ha gee age 
ha= —2—Lve2-+-4g/sin®a/2I; 
9g o ; 


b) h,= I 2 in? 
(b) As iig" --4glsin?a[2] 
aque (i 12 28. 
k mg | 
Answers of Test Questions 


Gi) (©); Gii) (c); (iv) (d), (v) (©), 


1. () (9) ii jii 

(vi) (d — (vi). (b — (vii) (e); (ix) +0), (x) (d). 
3. 22:5 Joule. 4. (a) 14 m/s, (b) 10 m. 
5. 447 m/s. 7 v= 2M 2gd. 


Solutions to Exercises 


4. Work done by the frictional force 
= — (uX 2X8) X'6= —1-29p. 
y the spring= tkx?=$x 1960 x :15*. 


Work done b 
y external forces — — 12gu4-1 x 1960 x *15*. 


s. Net work done b 
By W-E Theorem, 
, —p2gu-- x 1960x :152 —0 

(since both initial and final velocities are zero) 


980x-15* .. 
H—-LIZx98 =1°875. Ans. 
e compressed by x m. 
tional pull 2 2g(44-x). 
Work done by the spring force— —ikxt=—4X 1960x:— —980x?. 
Net work done by external forces =2g(-4 +x) —980x?. 
By *work-energy' theorem, 
2g(44-X)— 980x? =0 
or 980x! 2x 9:8x—2X9'8x4—0 
) 100x2 —2x—:8-— 0. 
alm or —'08 m. 


2. Let the spring b 
Work done by gravita 


Hence 
The negative value has no meaning. 
=m. Ans. 
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3. (b) Work done by gravitational pull=mgh=1xgx 12 
Work done by frictional force - W (say) 
Net work done-12g4-W. 
a - > theorem, 
S ER 12g4-W-ixlx36:—-0 
or W—-ix36:—12g-648—1176- 528 J. Ans. 
(a) Work done by frictional force= —p x (lx 2)x27 
Work done by the gravitational pull=0 
By ‘work-energy’ theorem, 
HX 8+2'7=0-3x%1x3°62 
18x36 
z "T 98x27 


—'24. Ans. 


4. Let us take the direction of approach as x-axis. 
Let A make angle 0 with the x-axis on the negative side. 
Considering conservation of momentum along x-axis and y-axis 
we have (taking m= mass of 4 and M= mass of B) 
Mv-+-0=0-+ mucoso where u=speed of A. 
0— M —musing. 
My- mucos 
My-2musino 
2musin0 = mucose 
; 3 tan@= 3 or 0—279.* Ans. 
Using the identity cos?0+ sin’9— 1 we have 
M??? | My? 
mu? ^ 4m Th 
EM? = mu? 
or 5M 
u= — —. 
4m 
UR and m are not known, u cannot be determined. 
- et Us consider eastward as x-axis and north i 
inati : A Ward as j-axis. 
Let the combination move with speed u at an angle 0 with the Ix-axis. 
vation of momentum along x and y-axi 
y-axis 
OP oe hoe (1200-+ 900) x ncoso 
Xx" a> = (12004 900) x usine 
100—215cosg 
200 21using 


or 


or 


Squaring and adding 
21*u? — 50009 


m u= P/S. 13:6 m/s. 
Dividing, tan0—2 or 0= 63°24’. 


LESSON 4 213 


Thus the interlocked vehicles will move with speed 10°6 m/s in 
direction 63°34’ north of east. Ans. 


6. Let v be the velocity before hitting the ground. 
Then v= 4/2gh. 

Let v' be the velocity after the impact. 

By Newton’s law of collision of bodies 


y!— &.y. 
Let it go up by A’. Then »?—2gh' 
or ey? = 2gh'. 
Similarly, velocity after second rebound is v” = ey 2 ey 
and y?-2gh 
or ety? = 2gh" 
@ (total distance covered) =h+2h'+2h"+2h" +. 600 
— hA 2 Eh" +h ++) 
eh, ety? ett ) 
= eve SY He 
iex 2g MOI Mp 
2e5y? en 
=ht+——(l et... 
h+ 2g (l-+e?+ ) 
= ev MIN i (apply the rule of sum of a 
ma g Mae geometric series) 
.* 2 
or H=h+ qe) gh Ce Y 2gh) 
2eh 
mis 1-e 


ERE? . Proved. 


A _ /2h 
The time of the first fall is y=gt or i 


The time of first ascent OT descent is v’=gt' 


m "E 
p=2 =e |Z. 
or z 5 


The time of the second ascent or descent is 
ur. ge 


vi-gt' or raez 2 
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-. Total time= t2 21 4-217 dons 
2h 2h 2h 2h 
mu een 2e /2h Dea ane 
JZ +2e E T 2e z + - 
2h 2h 
SN Eia pP rn e+... 
Vat JZ Utete...) 


2h DT 
=, —-42e Se iE y 
Me 


g l-e 
= /Zxite Proved, 
8 l-e 


7. Since radius is double, mass js 8 times greater. Hence if mass 
of the smaller ball is m, the mass of the bigger ball is 8), Conside- 
ting conservation of momentum, 


8mx8] —8mu,-- mu; : 
or 8(81 — m) =u. e (i) 
From conservation of kinetic energy 
3-878 ]2 — 3-8mu,i-- 3m, 
8x 81? = 8.24 1,2 


or 8(812— 1,2) = y,2 T 
or 8(81 — w)(81 Fu) us, ; =. (iP 
Combining (i) and (ii), 


8l+u =u. 

14 —64:8 and u= 145:8, ; 

Thus after Collision the bigger ball will move. with speed 64:& 

cm/sec and the smaller ball will move with speed 145-8 cm/sec. Ans. 
8. Let us Consider Conservation of momentum along 4G and 

Perpendicular to it. Let C return With speed u at an ‘angle 0 with 

AG (anticlockwise), 


mV —m Vcos609 — mVcos609 


.. (iii) 


=0+ mVcos60°-+ mucoso 
ws 0=3V+ucoso 
E " 
on —$V -—ucoso 221) 
—Vsin60? — musing 
er Vsin609 -— usinà 
Br using (i: 

Squaring and adding (i) anq (ii), 

LS 

qa 
or uy 
Dividing, tané= _ 


9—120*. 
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Thus C i s i i 

id H moy with the same speed along BG, that is, opposite to 
9. According to the *work-energy' theorem ‘work d 

forces is equal to change in kinetic energy’. onenby yall 

W= K;—K,— Ky (ee Ki=0). 

y=aV/5 or v=a's 


dy ad 


Differentiating, 2y— 
ntiating. va v 


ay (S ds _ ) 
dt 


| 2dy— adt. 


or 
Integrating, 2y=a?t+a constant. 


At the moment £—0, v=0; A 
the constant= 0 
^ y= iat. 


W = K;-imy?-jmQeD —ima'P. Ans. 
10, Let u, be the velocity of the colliding particle before collision. 


Let v, and v, be the velocities of mM, 
and m, after collision. Let us 
consider the line of approach as xX- 
axis. Let mt, move at angle 9 with 
x-axis (on the other side). 
Considering conservation of 
momentum along x-axis and perpen- 
dicular to it, 
my 0— 0-1-mgvscos8 ; 
or mus nayacoso () 
0 = mv, — mavssino x 
or mr = maysind. ii) 
Since collision is elastic, Kinetic energy is conserved. 
imu? = Imwè+ imya 
m (u? — yj?) = Mava 


Now 


Fig. 4.19 


or 
21, 3 y 2 F 
Ya smi v) .. (ii) 
Squaring and adding (i) and (ii), 
myNud vg) = M2 V2 


n. 
EN mèlu? »)- ms. m (um? — v;?)— mm (u?— v") 


(me+ m,m)v? = (mm —m,*) uy? 


or 
my(m,4-ma)và — mm; — m;)ujà 


or 
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xn? m,—-m, 

AE u? mm; 
PE : a 
Energy loss by the striking particle— imu — im, 


: NM. imus? im? 
-. fraction of the kinetic energy loss = 2 ir 7 3v 


imu 
2 = m 
=1-4_=(,_™ mi) ZITEN Ans. 
u Pm m+m 


(ii) In head-on Collision, 

aU, = myy, + mava d 
my(u,—v,)— MoV - @ 

By kinetic energy conservation, | 
imu, = im? imav? | 
my(uj* — yj) = mav? | 


or 


or 
Dividing (ii) by (i), 
Uy -Yi— vs 


and 


7 mji4-m; 
mei( 1o), = meom 


m 


m-m, 
n=} 1 Yam iy, 
m, m, 


a 
a — mMm ! 
fracti ineti zs -[r- (9 
Taction of the kinetic energy loss (1 uj | ems 


4myms 
=. 
(mi, +m)? 


tum 


Ans. 


11. From conservation of momen 


Qr 39+ Yet y, 


= 3m/3v,24 1m/3y,2. 2 
Now, OT ae EN (This is given). 


, S 3m= Hv yg .. (ii) 
Eliminating v, between (i) and (ii), 


Sry? = v2 ya (3y— y,— y2 
= 2724-2 v +92 — 6vv,--2y,v,— 6v. 


k 
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Arranging in quadratic in v;, 
; 20 —2n(y— va -- [(9 — 3n)? 4-2? — 6vv4] =0, 
Since v, is real, the discriminant must be greater or equal to 
zero. 


or 4(3v — v3)? —4 x 2[(9 — 3) v2>+- 2192+ 6vv,] > 0 
or Oy? — 6yvg-+- v2 — 2(9 — 3n) v3 — 4v? + 12yv, > 0 
or 9y?--6yy, — 3» — 18¥?+-6nv® 20 i 

or —932--6yv, — 3v --6ny? >0 

or 6ny? > 3y — 6yv4 +97” 

or Any? > yg —2vvy--3y* 

or 2ny? > (va — V) +27? 

or (2n —2)* z (va —)* 

or V Qn—2) > Va— Y 

-Or va < v(1-++ /21 — 2). 


y, (maximum) = y(1-+4/2n—2) 
—500(14-4/2X 1:5—2)-1000 m/s=1 km/s. Ans. 

12. Let the striking particle approach the stationary particle from 
the left and take this direction as x-axis. Let u, be the velocity of 
approach of m, Further let v, and v; be the velocities of m, and ma 
at angles 0 and 0’ in anticlockwise and clockwise With x-axis 
respectively. Considering conservation of momentum along x-axis 


and y-axis, 
mu, — m;v,cos0 --msYacos0* 


or (mu, — m,v,cos0) = This VaCOSO' e (1) 
and 0 =m,» sine — mav,sino" 
or m, visin0— msvesino" a (i) 


Squaring and adding (i) and (ii) to eliminate 0’, 
(mii — m,v,c0s0)? -- ms? v,?sin?0 = mj? Ve" 
—2mgu,v,cos0- M2479? = mv? .. (ii) 


Or muy 
From conservation of kinetic energy as the collision is elastic 
qe have 


imus = imyyi- imas 

or my(us2 — vii) = MeV" .. (iv). 

From (iii) and (iv) we have 

muns 2m, 2u,v,C0S0-+- m? y mymy(u? —V22). 
c of v, we have 


Arranging in quadrati V 
m (iy ma) — vy (21,*u,cos0) -- mcm; — ma)us? — 0. 


‘Since v, is real, 


4m,4u;2cos”® —4m (m+ mam (m — ma)u,? z0 


my2cos’ — (mj? — mg)z0 
mj —mjsin*o—m ji -mjz0 
mj 2mjsin*o 


Or 
or 
or 


« 
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: m 
or sine < = 
my, 
A m. 
SinÜmaz— —. Ans, 
m; 


13. We have, My — my HMV , 
—by conservation of momentum- 


Fractional decrease in K.E,= EE =n (given) 
i 


1 
or 1-5- t+ imgve? 
jm; 
or my(1— n)? = myy?+ move 


z 
mw— m: 
m (l-n) = mem (rmm) 
2 


(1-2)&- xit v)’. 


Putting m,— m, as they are of the same mass, 
(1=n)y? = v? + (v-v)? 
2v2 — 2v +n =0 
or y, 22 tv4? — 42.ny* 
4 


or 


we, PO vyt-2n?) = p(l + /1—2n). 
The positive sign is not admissible as v, cannot be greater than Y- 
=p -Vm 

-ixl0ü— V'1—2x:01)- 5 m/s. Ans. 

4. ; . , 

lows EA ES velocity acquired by the ball on reaching thé 


1 2 — = 
amv —mg(I— Icose) 
v= V/2gl(1 — cose) = Y 2x980 


:0(1— 9S ec. 
By conservation of momentum ga e esti 
10x 980= 10,1. 20y, 
or 10(980.—,.) = 50y, E TE 


By conservation of kinetic energy, 
* > 
2X10X980?=2 19,244 F 

10(980 55 2) 270,32 20 X 


or 10(980 — y. (980+ a 2 i 
Dividing (ii) by G) ` 9) - 20v, . 6) 
980-Ey, — 
980— 17 Ya9 


v= 2ys. 
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Hence vy= —2§° cm/sec. Ans. 
The negative sign shows that it will be returned along its path 
after collision. 
The angular displacement is 0 (say). Then 
tm(232)?=m X 980 x 980(1 —cosé) 
Q1-—|-—cos0, or cos9=3%="944 


Qn i8— 
or 9—19?. Ans. 


15, Let the reference line be the horizontal line through the c.g. 
of the lower mass mı. Let I be the natural length of the spring and 
e is the initial compression needed. 
=tke*+mg(I—«) 

(refer to figure of example 8). 
Let the spring extend by x after the force is released. 
The final energy of the system — tkx?-+mg(I-+-x). 
By energy conservation principle, 
tke®+meg(1 —e) = 1kx*-- mag(Ii-x) 
kx34-2msgx — ke 4-2msge— 0 


Then initial energy of the system 


or 
ink 
_ —2mg + V Amj'g = 4k(2m;ge — ke*) 
or LITERIS S TERES 
or kx = —mog 5 /(msg — key? 


=—ke or ke—2meg 
—ke is not acceptable. 
So kx=ke—2meg. 
The lower one will bounce up if kx z mig 
ke—2msg 2 mg 
or  keez2mjgdmig, OF ke 2msg 4-myg. for just lifting. 
Let F be the force needed to compress the spring by e. The 
weight msg also compresses the spring. 
so F+mg=ke 
spo F}mg=2m:8+m8g 
or F=mg m8. Ans. 
When m,-0, F=m:8. Ans. — 
16. Considering conservation of momentum along x- and y-axis, 
mV--0- (m--.M)ucose 
where u= velocity of the interlocked body 
and 0 is the direction with x-axis 


0+ Mv=(m-+ M)usin?. 
Dividing, we have 


or 


g fanbase 5 Js 
m V 
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Squaring and adding, 
F re n V?-- My? = (m+ Mya? 
uo M meV Me 
"n m+M ^ 


or 


: mV2-+ Mey. 
So the interlocked body moves with speed m E 


direction tana MY with the x-axis. 


The fraction of the initial kinetic energy converted into heat 
-E-K -KL i(m4- My? 


Ky Ki imV*--iMy 
2721 M?y* 
Mj) eeu SY 
E (m+M)u _ (M) (M +m)? 
mM (0 mV? +My? 
ae mY? +M? 
(mV?-- MY))(M 4 m) 
mM(v?+ V2) 


Mmana 4" 


17. Let a and B be the angles made by the striking ball and the 
stationary ball after collision with the x-axis (i.e. line of approach 
in the anticlockwise and clockwise sense. 


From conservation of momentum, 
mxX50=m x 30cosa-I-m x vcosp 


50— 30cosa-4- vcosp 6 
0— mx 30sina—m x vsinp i: 
XI 30sina = ysinB .. Gi). 


From conservation of kinetic energy, 


gm x502—1ymx 30*-- 3m x v? 
»—40 cm/sec. Ans. 


SS SS 30cosa+ 40cosp " 
sea 5=3coso-+4cosp .. ii) 
an 3sina— 4sinp Aor (68) 
Or 


0 — 4sinp —3sina. 
g (üi) and (iv), 
SosB+ 16cos?p + 16sin’p— 24sinpsina 4-9sin?a 
wu 25- 9+16+-24(cosacosp—sinasing) 
or 0=24cos(a+. B) 
or Cos(a-- 8) 9 


‘Squaring and addin 
25 29cos?a -I-24coso 
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or a+p= Y Proved. 


18. By conservation of momentum, 
myy- MV. where V is the velocity of recoil 
yao, 
or M 
Let the cannon go up the plane by vertical height A. 
Work done by gravity — —Mgh. 


Work done by friction = —&Mgcosa X — —. 
sina 


Work done by reaction of the plane — 0. 


Net work done by external forces— — Mgh — nMghcota. 


By ‘work-energy theorem’, 


E m*y 
— Mgh(1--ucota) - 0— $1.M. Ms 
Mgh(1 ta) = Evo 
gh(1--ncota) 2M 


m*ve'sina 


ha 2M2¢(sina--ncosa)™ 


22h 


19. The velocity acquired by m on reaching the lowest position is 


say). 
» Gay) imvg)4-mgl(1 — cosa) = i5 


or y= v2 +2g/(1—cosa). 
i conservation 
(i) By momentum 2 Diani 
or v=v 2V» OF (y—»)) 22v. 
By ‘kinetic energy conservation’, 
imt = im t 1(2m)va? 
yy 


or 
or (-»9)- 2v, or (v— xy») 22v? 
or Yi- V — V2 

y,- i» and y= -5 
Let m rise by 41 and 2m by hg. Then 


2 
imvi- mgh, OF ghi P = aD! +2gl(1— cosa)] 


h= l py 2+2el( —cosa)]. Ans. 
18g 
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2 
i2mvg -2mghs or gh,—i. T = [v+ 2g/(1 — cosa)] 
or h = A iyat 2gi(1-coso)]. Ans. 
* 18g 


20. By ‘conservation of momentum’, 
ree Oey y 
-3)y = y VE SNR ee h 
(10x 10-%)y=(5+ 01), or v 50i 30i m/s 
By ‘energy conservation’, 


2 
1 z-)-501x9 107? 
pooix (sr) 5:01 x98 x (5x 107?) 


2 
A es : -2 
(a) 2x98x5x10 


or »—5014/:98— 496 m/s. Ans. 
21. ‘By conservation of momentum’, 


2xv=2x QU" 


or ax =m’, or 3¥=2my’' 
By ‘conservation of energy’, 


j2 
ix2xyzi x2x im? 


o 
2p "a +m"? 
159? > j2 
SE =m? =m. 2 
8 mim 
Pi m=$=1'2 kg. Ans. 
22. 


‘By conservati. 
on of momentum’, 


10x10 xv=(24-01)y', arc 107v» y 


201 201" 


*By energy Conservation’, 


2 
1x2 y 
ixo (a) -2:01x9:8x-:12 


zn »—2014/9:8x 12x 2—308 m/s, Ans. 
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23. Velocity acquired by the ball —9:8 x2=19'6 m/s. 


The ball is incident at an 
angle 60° with the plane. Let 
it rebound at angle a with the 
plane with speed y. Since the 
plane is smooth, there is no 
change in velocity along it. 

+, 19'6cos60? — vcosa 

Or yvcosa=9'8. 

By Newton’s law of 
collision, 19°6sin60° 

ysina =e x 19'6sin 1 
—2x19:6x:866— 127. Eiend zo 

The ball is projected after collision with speed v at an angle a 
with the plane The accelerations along and perpendicular (towards) 
to the plane are gsin30° and gcos30°. 

Taking reference of axes along and perpendicular to the plane we 
have 


0=vsinat+4( —gcos30°)1* 
(from consideration of motion along y-axis) 


or ysina = 1gcos30?; 
or 12:°7=3 X9°8 xX 866t 
my VIE ee 
or esT D Ans. 


24. Let v be the velocity of the bullet. 
By conservation of momentum, 
(4 xv-lLl1xv» or vet: 
Mechanical energy of the system after collision 
aa 
117 
This energy is used in compressing the spring. 
Work done in compressing the spring— iex -i x100 x12. 


=3X11x 


y 

ixl00x--ixLllx iH 

oe JEU xn or y=10°5 m/s. Ans. 
l1 


25. By conservation of momentum (direction of 2 kg mass i 
x-axis), / 2x1-4L5x(-2)-Q--15)» 


yd. 
gigs" 
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Thus the combined mass will move with speed 45 m/s in the 


direction of 1:5 kg mass. 


Retardation on the combined mass — ug y 
—:05x9:8—:49 m/s*. 


or t=- ='58s. Ans. 


26. Let u, and u, be the velocity of m and 2m in the direction 
of u. 


By conservation of momentum, 
3mu- mu,--2mus 
or 3u— uj-4-2us e (i)- 
Additional energy generated = Ky— K;— 4mu,2-++3.2mu,?— 1.3 mu? 
= 12mu* (given) h 
or uj 42u? = 27u? . (Qi). 
Putting the value of u, from (i) in (ii), 
(3u—2ug)? + 2uo? —27u* 
or ug —2uus — 3u? = 0 
or (uy—u)—4w9 or u—ut2u-3u or —u. 
Putting the values of u, in (i), uj —3u or 5u. 
The values 4, — —3u and Ug=-+-3u sre not acceptable because 
two masses being unequal cannot have equal values of velocities. 
4c ow -5u and su —u. 
Relative velocity— vector difference of absolute velocities 
=5u—(—u)=6p. Proved. 


the 


_ 27. Let u be the 
city away from the 
towards the wall. 


velocity of A towards the wall and v, is its velo- 
wall after collision and vs is the veloeity of B 


By Newton's law of collision, 
(y+ v9) = eu. 
By “conservation of momentum towards the wall', 
mu-— —my,--2mva 
Or U= —vit2v or 2w—»-u. 


Solving for v, and v, we haye, va X(1--e)u, ne Ct D, 


The time of travel of B up to the wall is 2. 
Ve 
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By this time 4 will move away from the wall by 


p paca 
Vo l+e 
So the distance between A and B when B is just going to strike 


the wall is (a ol a SEN 
1+e 14-e 


ithe velocity of B after collision with the wall is ev, away from the 
wall. 


Let them meet at a distance x from the wall. Then the time in 


which B travels x, in the same time A travels ( -3 h 
3ed 
xt. 
(a Hes es 
Vy eVa 
ör gh ea E EE 
Tse pele ver ke 
2e-1 3ed 
1—-——— |= 72 
or 1 e+e) | I+e 
pal 3ed TES 3xid =13 
or x= a-erli (il 12d. Ans. 


28. Let u be the relative velocity ofm down the wedge. Then ucosa 
is the relative rightward velocity of m and usina is the relative down- 
ward vertical velocity relative to M. 

Then ucosa= uz—(— Y) where uz is the rightward absolute 
velocity of m and v is the leftward absolute velocity of M 
or ucosa— Y= Uz 
and usina = uy Where Uy = absolute downward yertical velocity of m. 
By ‘momentum conservation to the tight’, 

muz+(-M»)= 0 or mus=Mv. 


By ‘energy conservation’, 
¿M+ im(uz-- uy!) =mgh 


M? 2 
mtn i +u =2mgh. 


e Cras E M M 
Now uy-usina— osa sina EXAM tana=vtano( 1+). 


c. Y. H. PHY.-15 
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2y2 T : 
p My? LIP mottantal 1 D =2mgh 


2 
ue +i) 4m tanto{ 1 +2) =2mgh 
m m 


A y M(M4-m) 4 O --mYtan?a =2mgh 
m m 
Om bate 2m?gh E: 2m?glicos?a 
M(M-Em)(M-Emy--tana — (M--m)(M-4-msin?a) 
_ [| __2nbghcos*a A 
"74 (apmy(M-pmsin’a) ^5 
29. Let v be the velocity on reaching the surface. Then 
v=/2gh. 
By Newton’s law of collision, the velocity v' after the first 
impact is v' —ev (upward). Similarly, v' — ev' — e?v; v"’=e%v;..+++ 


Momentum imparted to the slab 2 mv—(—mv') 
=m(v+v')=mv(1+e). 
Similarly, momentum imparted to the slab in the second impact 
=m(v' +v") =m(v' Lev’) 2 m(14-e)v' = m(1+e)ev; 
momentum imparted to the slab in the 3rd impact 
=m(v"+-y"’)=m(v" +ev")=m(1+e)v"=m(1+e)ev 
and so on. 
Total momentum imparted 
=my(1+e)+mye(1+e)-+mve*(1+e)+.... 
=mv(1+-e)(1+e+e%+....) 


=mv(I-be)x 1. 
l—e 
l+e 


=m Ee = ma/Zgh EE 
Ura my 2gh 7e 


=05/ 2x98xl 14-8 _ 105/196 x 1:8 
1—8 22) 
—2Ns. Ans. 
30. Let v be the leftward veloc 


: ity of the wagon (absolute, that is, 
relative to the earth). Let u be the velocity of aN pendulum in 4 


frame fixed to the wagon. Then ucosp is the relative horizonta 
velocity of the bob and using is its vertical velocity. Let v, and vy be 
the absolute horizontal and vertical downward velocity of the bob. 
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Then ucosB= vector difference of absolute velocities 


=vz—(—y) 
or Vz =ucospB—p 
or using = vy. 


There is no external force on the system in the horizontal 


direction. 


By ‘momentum conservation to the right’, 
0=m(ucosB—v)— Mv 
Or ucosp— y— M, Or u= (MERm)YH 
m mcosp 

Kinetic energy of the bob — 1m(vz? 4-v;?). 
By conservation of energy, | 

mgl(1 — cosa) = mgl(1— cosp)-- 3 Mv? 4- $m[(ucosp — v)? --v?sin*p] 
E ic (M-Emyy? 
m?cos?p 


mr( " )+ (M-Emyv sin? 


mcos?p 


or 2mgl(cosB— cosa) — My?-+-m.— --msin?p. 


AERE +m) y (M--m)»y'sin?B 
mcos?g 


or 2ngl(cosB— cosa)cos?p = M(M-+-m)yv*cos*B+ (M+ m)'y'sin?B 
—(M-4-my[Mcos'p + (M+ m)sin*p] 


a. 2m?gl  (cosB—cosa)cos*B 


"Em ^ Mqmsin 


2m?g| | (cosB— cosu)cosip | Ze 


s M+m ` M-+msin*pB 
In the particular case when B= 0, 
2m?el (1—cosa) _ 2m?gl j 2sin?a/2 
'— Mim’ M Mom ^ M 


E CAN PRI 15) 5 y ER 
or veinsin J oria 


31. Let v be the required velocity. It is obtained easily by *encrgy 


conservation’. 


Loss in potential energy = Gain in kinetic energy. 


M Y DX LiMas 
G EX 8 z? 
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gt ra 
er y=, | = A Ans. 
By Newton's law, 
XX g= Driving force= Ma 
or a=S x. Ans. 


Let T be the tension of the chain at the edge. 
Then N (reaction at the edge) 2 /T?--T?— T4/2. 
Consider ‘free-body’ diagram of the part lying on the table.[.Tke 


force acting on it to the right is T and its mass is Mal-»). 


Si T-M Ql-x)xa (from force — mass x acc.) 


-Moi gx Mgx(2l-x)_ Mg a 
aO e Cio a 0-9 


A : Mg 
A ENSAI =r —X) . 
a v2 iJ x(2I—x). Ans 


32. Let » be the velocity of the wedge to the right when{thel plate 
goes down by y. The constraint of the system needs thatif x be ihe 
distance by which the wedge moves to the right, then®y and x be 


related by J' =tana 
x 
or y =xtana 
or y= xtana 
or vy= vcota. 


From conservation of energy, 
3My?+-imy,?=mgy 


or 1My2- 1m ytan2o = , 
3 im.y'tan?a =mgy. 
When y=h, MY--my*tan?*a— 2mgh 


2mgh 
es | pai 
V -pmtan?a * Ans: 


33. Let v be the velocity of m before collision. 
By conservation of energy, 
mv --mg(I— Icosa) = 1my? 


or y! vy 4-2gl(1— cosa) =y,2+ 4elsin® 3 4 
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: (a) By conservation of momentum, mv— my' --2mv" 
or y—y' =2y". 
By conservation of kinetic energy, 
imy?-imyv?--12myw'? or y—y'*-22y", 
Solving, »'—$»v and v»'—-—iv. 
Let m go up by A. 


Then mgh;— im? —im.jv?*-jjm(vy--4glsin*a[2) 
1 2 og 
cur vo -- 4glsin =). Ans, 
Let 2m go up by ha. 
2mgh,— 1.-2my'? 2 m.$y? 


hen 2 erator} Ans. 


(b) By conservation of momentum, 
my- 3my' or vy'— iv. 
Let the combined mass go up by hy. 
3mgh = 1.3mv'? 


QD gl; p=" 
or h= Ae w^ agrim |, Ans. 
34. Let the cord extend by e. Then by conservation of energy, 
mg(I--e)— 
ke—2mge+2mgl=0 
: _ 2mg t£ A/Am?g?-- 4k.2mgl 
| RUE REY cep YS hae 
omg ,mg / ,, 2k 
or EUIS t-> a 14-—— mi^ 


Discarding the meaningles negative sign, 


#8 (1+ ae Ans. 


Solutions to Test Questions 


d. (i). my — mii Maa 
^ _ MV 


or m(—n)=Mmy» OF YOM 


imp =imvi t img, or m(v— v) T v))e mg? 
4 VAM Yee 
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, m—m. 
Hence A May, 


2 mtm: myt nis 


The required fraction= 2/9" MW _ 4mm 
my»? mo? (mmy 


So the answer is (c). 


(ii). (©). (ii) (c). P= Fvcoso =360 x 10X 1000 


> 
3600 x cos60 
=500 W. 
Gv) (d). Kman = $ Kooy- 
or M= (iM) 
or 2 aw 9 
ta 

Again Kman — Kooy. 

M04 D= Mu 

(4 
: (v+1)?=2v%, or v=(4/2+1) m/s. 

(v). (c). 


F—mg-mx0 or F=mg 

P= Fycos0 = mgycos0? 

4 = 30x 10x -6=180 watt. 
(vi). (d). relative velocity before (to the right) =y—u 


relative velociiy after collision (to the right) =v’ —2. 
By Newton’s law of collision, 


se v'—u= —(y—u) =—y+u 
v'=2u—y=—(y—2u) towards the wall 

(vii). (b). =v—2u away from the wall. 

(viii). (c). Let Fbe 


the force in general. 


mg=ma where a=upward acceleration produced by it- 
y*z2.a.h. 

Work done by gravity =mg(— h). 
Work done by the force= wW 


By ‘work-energy’ theorem, 


W-E(—mgh)- imy 4m.2ah 
W =mgh+mah= (mg+-ma)h=F-.h, 


Pies 


(say). 


or 


aai 
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Thus work done does not depend on the mass on which the force 
J acts. So it does the same work on both the bodies. 

(ix). (a)+(). 

(x). (d). 


2. By ‘momentum conservation’, 
mu— myYs4- MV2 
or my(u — v1) — risa. 
By ‘kinetic energy conservation', 
imyuj-imywt Imava 


or m(u— v)(u+v) = mv. 
es MoV: 
Combining, u—y= — 
m, 
Uv, — Yo. 
mu =m 
Hence, v= 2m and yay u. 


m4m my4- nig 
Fraction of energy transferred to B from 4 
‘th im, _ _ 41M 


Imu (m+ m)" 


4km 4k 


? ki 
If k=% EEN E 
ae then the fraction mAddos d Ti 


If k=, then t ono 4km? 2 4k Proved. 
zi en the fraction mid) ER? [27 


3. Referring all the velocities to the right we have by jfconserva- 
tion of momentum to the right’, 
10: 9--20 x 6— 10x 6 -20vs 
or ya 75 m/s. 
Relative velocity of A before collision 29—6- 3 m/s. 
Relative velocity of A after collision -6— 75— -175. 
By Newton's law of collision, 


—1752—ex3 
or ent ss. Ans. 


Loss in kinetic energy 
= (4x 10% 92-13 x 20x 6)— (EX 10x 68+ 3 X 20x 7'5?) 
= (405 +360) — (180+ 562°5) 
=22°5 joule. Ans 

This energy is converted into heat. 


4. (a) Velocity on reaching the ground =» (say). 
y—»-2gh or Yy—w?-r2gh. 
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Let v' be the velocity after collision. Then 
v2=2gh (by y*—1*—26s formula) 
my’? 


and — 
imy 


=} (given) 


or y2=1,8 

& 2gh=4v? or y -4gh 

e 4gh—wy--2gh 

vw=vV 2gh —4/2x98x10—14 m/s. Ans. 
(b) When it is thrown upward, initial velocity is — vs. 
S0 Y—-(-w)-2gh, or y—»-2gh. 

It is the same formula. So it will rise to the same height, namely, 
m. 


5. By ‘momentum conservation’, 
'05x»—(6-:05) or y= Sw Yo, 


Kinetic energy of the interlocked body 
=work done against frictional force. 


2 
A 1x5 Zo )-02xs5: 
4A $x505x m) 0:2x5:05g x5 


*—71014/2x9:8 —447 m/s. Ans. 
6. Let v bethe velocity at the demarcation (A) of change of 


roughness, 


Then by W-E theorem, 

amy? — mV? —mg( — A) — uymgcosa.hicoseca 

vi=V2_2gh— 2(2tana)ghcosacoseca 

—V*—2gh—4gh— V3— 6g. 

Let H be the vertical height above the demarcation line. Then 

gmy! — mgH -- uumgcosaHcoseca 
-—mgH--itana.mg Hcosa.coseca 

or v= 3g H. 

4 3gH-ys- 6gh. 

Let v' be the velocity at the demarcation line a 


or 


Gs 


fter return to A. 


Then 21" —mgH — umgcosaHcoseca 

,V gH — 3tana.mg Hcosa.cosec 
or v5—2gH eH —gH Y 
Or 3y2—-3 H 


Ze 
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Then —imy'?—mgh' — pmgcosah'coseca 
=mgh' —2tanamgh'coseca 
or —v?=2¢h' — 4gh' = —2gh’ 
or y'2 —2gh' 
or 3y'2 —6g]' 
or 6gh' =V2—6gh. 
It will never return to O if h’<h 
or abe or = heh, of V2<12eh, Proved, 
6g 6g 


7. By ‘conservation of momentum’, 
mvs— (m4- M). 
By ‘conservation of mechanical energy’, 
3(m-+M)V?2=(m-+ M)gd. 
myy- m4-M)v2gd 


"OT v= mi X4/2gd. Ans. 


LESSON 5 


Topics: Circular Motion 
Simple Harmonic Motion 


| a me | 


5.1. Circular Motion 


. Dynamics of Circular Motion, If a particle moves in a circle with 
uniform speed y and o is its uniform angular speed, then y=o.r 
where r is the radius of the circle. 


Unit of o is radian/sec, ` 


The circular motion is called 

uniform when the speed v of the 

ar particle is constant, and non- 
uniform when v is variable. 

When a particle moves in a 
circle with variable speed, it has both 
tangential acceleration and normal 
or centripetal acceleration. These 
are given by 


Fig. 5.1 Tangential Acceleration : a=% 


where y is its instantaneous speed. 


Centripetal Acceleration : 


3 
a=, This is directed towards the 
centre, 


Centri X 2 
Tipetal Force=mass x centri petal acceleration = 2. 
r 


Tangential = 
Force= mass X tangential acceleration = mat = mee, 
N 


dt 
ote. To so á 
that the TORRE Hen 9n circular motion, always remember 
must be unbalanced force dieron IS an accelerated system and there 


[o 
This is true both for uniform acl towards the centre. 


particle is not in uniform deg x abalanced 
Follow the following ste 
(a) Consider first all 


environments) on the pa 
of it. 


ps: 


— 
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(b) Then resolve all the forces along the normal towards the 
centre and along the tangent. Take their algebraic sum and for 
each direction use ‘force=mass x acceleration’. ; 


(c) Apply the principle of conservation of energy. 
Solve the equations set up for the sought quantity in the problem. 


Inclination of cyclists with the vertical or banked roads with the 
horizontal (called the angle of banking), 


2 
tano". 
Tg 


D'Alembert's Principle. According to this principle a dynamic problem: 
can be reduced to a problem of a static-body by introducing a force 
called ‘inertia force’ equal to the mass and acceleration at its centre 
of mass in the direction opposite to the direction of motion in 
addition to the real forces (forces accountable to its environments). 
In context of circular motion its importance is that to find a physical 
quantity we can extend this formalism and assume the body to be at 
rest. Though it can be used in all prolems on circular motion. we 
will use it only in specific problems where its use is particularly 
advantageous. 


5.2 Simple Harmonic Motion 
A particle (P) undergoes linear SHM when it moves along à 


straight line (4B) such that its 
acceleration is always propor- 


tional to its displacement (x) paea 
from a fixed point (O) on the hes. 

line, and is directed towards m st 
that point. The point is called B 0 PA 
the ‘mean position’. The 

distance OA=OB=a is called Fig. 5.2 


the ‘amplitude’. 

Note. Do not confuse between 
of acceleration. When P lies between O a 
towards 4, it is moving to the right but its accele 
the left. 

Since the aczeleration (f) fs proportional to the displacement [C35 
the equation to a SHM is : 

f=—ux=—o*x. 

Here j —o?— constant, The quantity o. is called the ‘cyclic fre- 

quency’ of SHM, having unit rad/sec, and is obtained from 


‘direction of motion’ and ‘directiom 
nd A, and is moving: 
ration is towards. 


AS acceleration 
displacement ` 
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It is related to the time period of SHM as 


meg 

= 

Note. To prove t 

merely establish tha 
Position. 


Displacement of SHM : 
x= asin(at- a) 4 
where a is the ‘amplitude’ and a is another constant called the ‘epoch 
of SHM. 


hat a particular motion is simple harmonic, 
t foc x, and is directed towards the mean 


The choice of a depends on the starting point of the SHM, e.g. 


Starting point Value of a 


——————— 


Equation for displacement 


4 E x- asin( ot ar 5) —acosot 
0 x=asinat 
B -3 x= asin(or— 2) = —acosat 


For starting points other than these, values of a intermediate 


between 0 and 5 are obtained. It will be noticed that both sine and 
cosine functions appear in the displacement, Either may be used, 
with proper choice ofa. 
Velocity of SHM : 
v=aocos(ot+a) 


=0ya— x2, 
When ‘epoch’ is zero, p= deos) 
Acceleration of SHM : 

f= —aofsin(ot--a)  — e? x x. | 
When ‘epoch’ is Zero, f= — ao?sinof, 
Energy of SHM : 


J imo?x?, 
T (kinetic energy) imo?(g — 23) 
E (total energy) = imga? 


si 
angle is called 'the phase angle’. 
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Generating Circle of SHM. A simple harmonic motion may be con- 
sidered as the notion of the 
projection (P) of a particle 
(Q) moving in a circle of 
radius (a) equal to the ampli- 
tude of the given SHM, with 
angular speed equal to the 
cyclic frequency o of the given 
SHM. This circle is called 
‘generating circle’. In some 
problems we will take the help 
of generating circle because 


Fig. 5.3 
that will enable to find solution in a simpler way. 


Lissajous Figures. The figure traced by a particle subjected. to two 
simple harmonic motions at right angles having frequencies in a 
simple ratio. If the figure is tangentially touched by a horizontal 
line (x-axis) at mz points and at my points by a vertical line, the 
frequencies of the simple harmonic motions are in the inverse ratio 
ofthese numbers. That is, 


fe ny 


ify ub 


mys2, n= ny=1, ny=3 
Fig. 5.4 ` Fig. 5.5 
CRITICAL QUESTIONS 


1. Is a body in circular motion in equilibrium ? 

Ans. No. A body is said to be in equilibrium when its accelera- 
tion is zero. A body in circular motion is an accelerated body and so. 
it is not in equilibrium. 

2. Is centripetal force a special kind of force ? 

Ans. No. It is simply the name of a force which provides centri-- 
petal acceleration. For example, a tension in the string by which a. 
stone is whirled is the centripetal force. 
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3. Is centrifugal force a real force or a pseudo force ? 


Ans, A centrifugal force is a pseudo force. Its existence is 
realised only from a non-inertial frame rotating with the body. 


4. Why is a centrifugal force called a pseudo force ? 


Ans. Because it cannot be attributed to any of the bodies in the 
environment of the body. 


5. Why are the train road beds and highways banked on curves ? 


Ans. When banked, the normal reactions on the wheels will give 
tise to component forces towards the centre of the path which is 
essential for maintenance of motion of the train or car in circular 
path. In the absence of tanking the necessary centripetal force is 
provided by lateral pressure on the outer wheels. This involves wear 


and tear of tyre or wheel in addition to chances of accident at high 
Speeds. 


6. How does the earth’s rotation affect the apparent weight of a 
body at the equator ? 


Ans. The earth’s rotation reduces the weight of aman, A part of 
the weight provides the necessary centripetal force. At any point on 
the surface of the earth the apparent weight is the vector difference 
between the actual weight and the centripetal force. 


7. A car is riding 

on a country road 

that resembles a 

Toller coaster track 

(see the figure). If 

the car travels v 

y uniform speed, 

Fig. 5.6 where does the road 

on the car ? exert greater force 


Ans. At the bottom 


< 5 it 
dynamics’ of circular motion needs, Sea ee o batons 


N-— mg — mv? my? 
g PET OF y= tit+mg 
and at the to =N= tt 
P mg Nea or Niemi 
4 N>N’, 
8. A passenger in a Car i idi 
mec dier EL sudden ds himself sliding towards the left door 
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Ans, In the reference frame attached to the earth forces acting on 
the passenger are (i) mg, weight of the passenger vertically downward 
(ii) N, normal reaction of the seat upward, (iii) the frictional force 
towards the centre of the curved path. The frictional force can 
increase only up to its limiting value which isuN. At the sharp 
turn (radius small) large centripetal force is needed to maintain the 
motion along the curved path. If the force needed be greater than 
the /imiting frictional force, an observer in the reference frame finds 
the passenger to move tangentially on to greater circles till he reaches 
the door. The door now exerts necessary centripetal force on the 
passenger. In the reference frame attached to the car, the forces 
acting on the passenger are: (i) mg, vertically downward, (ii) N, 
reaction of the seat upwards, (iii) the frictional force towards the 
centre and (iv) the ‘inertia force’ i.e. ‘the centrifugal force’ away 
from the centre. 

Under the action of these forces the passenger is at rest relative 
to an observer in this frame of reference, say, another passenger in 
the car. When the inertia force i.e. the centrifugal force exceeds the 
limiting frictional force, the second passenger will find him to move 
normally away to the outer door till he reaches the door. The door 
now exerts force on the passenger and balances the ‘inertia force’ 
and thus again he appears stationary to the second passenger. 


9. A spirit level is tied to a string and whirled rapidly in a 
horizontal plane. Where will the bubble lie ? 


Ans. The bubble will lie at the inner edge. 


10. Can you examine whether a table top in a train is truly hori- 
zontal by a spirit level ? : 


Ans.} No. If the road is straight but inclined, the bubble shifts to 
one extreme position. The bubble will shift to one extreme position 
if the road is horizontal but curved. The bubble will shift to one 
extreme position if the road is straight and level but the table top is 
not horizontal. Hence it cannot be ascertained by a spirit level 
whether a table top in a train is horizontal or not. 


11. A coin is put on the turn table of record player. The motor 
is started, but before final speed of rotation is reached, the coin flies 
off. Explain. 

Ans. In the beginning the frictional force provides the necessary 
centripetal force on the coin. With the increase of speed, the fric- 
tional force also increases. This continues up to limiting friction, 
The moment limiting friction is reached, and exceeded, the coin flies 
off tangentially relative to an observer on the ground, the limiting 
LO. force being unable now to provide the necessary centripetal 

orce. 


12. A particle moving uniformly in a circle is in rotati 
equilibrium, Is it true or false ? mena 
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Ans. It is true. A particle is said to be in rotational equilibrium 
when its angular acceleration is zero. Since the particle moves 
uniformly, its angular velocity is constant in magnitude and direction 
and so its angular acceleration is zero. So it is true that a particle 
in a uniform circular motion is in rotational equilibrium. 


13. What is the power needed to Maintain a uniform circular 
motion ? 


Ans. No power is needed to maintain uniform circulat motion. 
Power needed— F E E Ficos7- 0. 

14. Is any work done by centripetal force ? 

Ans. No. Work done by a force F , x. 


Work done by centripetal force— Fxcos5 =0. 


15. What is the tor 
rotation ? 


Aus. Torque (1)=F.d=F.0= 0. 


que due to centripetal force about the axis of 


16. How does the pressure in a rofating liquid change from the 
axis to the wall of the vessel ? 


the pressure difference. Without *hori- 
zontal pressure gradation’ from the axis. 
to the wall, the ‘rotational equilibrium’ 
of the liquid mass is not possible. 
Consider a cylindrical layer of liquid of 
inner radius x and outer radius x-+dx, 
Let p be the pressure of the rotating 
liquid at a distance x from the axis and 
P+dp at a distance X-F dx. I 

he inward force on the layer of liquid 


A =2n, 
height of the liquid 
= 2nxldp where I is/the 
= Qnxldxp) x ox 
or à dp = pax Hu 
Integrating, p— $pa%x®+p, where Po is the pressure at the axis, 


dr WE the shape cha Tofating liquid surface paraboloidal im 


P aS 
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Ans. In a rotating liquid there is a Pressure gradation from the 
axis to the wall. The pressure at a distance x from the axis is 
given by D— Pot &bo?x?. 

Consider a point P at distance x from the axis and at a depth y 
from the liquid surface, Then 


P=Po+P8y 
“e Pot PEY = Pot potat 


or y= 19 x2 or 3228 xy. 
g o 


Comparing this equation with the standard form of equation of a 
parabola y?—4ax, we find that the rotating liquid surface is a 
parabola about the vertical axis of rotation and the entire surface is, 
therefore, paraboloidal. 


18. Why is cream separated from skimmed milk ? 


Ans. Let us consider an elementary body B suspended in the 
liquid. Let it be of face area As at a distance x from the axis and 
let its thickness be dx. Then the inward force on it due to ‘hori- 
zontal pressure gradation' — As.dp. But dp— po?x dx (see deduction 
in Q. 16). 

JO A Finwora— Aspo*x dx. 

The ‘inertia force’, i.e., centrifugal force needed for rotational 
equilibrium of the particle relative to the rotating liquid =( As.dxo)w*x 
where c is the density of the suspended particle, 


3 AFinwara p 


a AFeentrisugat 5 

“. If po, A Finwara > A Feentrifugat 

and ifp<o, AFinwara< A Feentrtfugat 

Thus, particles whose density is less than that of the liquid are 
driven towards the axis of rotation and those whose density is greater 
than that of the liquid are driven away from the axis. Cream is 
lighter than milk and so it is separated from the milk and collects 
at the axis. 


19. Can force determine the direction of motion? direction of 
acceleration ? 


Ans. No, a force cannot determine the direction of motion. Yes, 
a force simply determine the direction of acceleration. For 
example, in circular motion force is directed to the centre but the 
motion is along the tangent, but acceleration is definitely along the 
normal which is the direction of the force. s 


20. From a big rotating platform a loose bolt at the circumference 
gets detached. In what direction will an observer on the platform 
see it to move out? In what direction will an observer on the fixed 
ground see it to move out ? 


C. Y. H. PHY.-16 
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Ans. The first observer (4) will see it to move out normally 
away from the centre of the platform, while the second observer (B) 


sees it to move out tangentially in the direction of motion of the 
platform. 


21. Is velocity of a particle moving uniformly in a circle constant 
or variable ? Justify. 


Ans. It is variable. Fix a frame of reference at the centre of the 
circle. The speed is constant but direction.of motion changes with 
Tespect to x-axis. So the velocity is time-dependent. 


22. Is acceleration of a particle in a uniform circular motion 
Constant or varible ? Explain. 


Ans. Here also magnitude is always the same, viz., v?/r but the 
direction with respect to x-axis changes from instant to instant and 
So the acceleration is also time dependent. 


23. A motor cyclist makes a show of going in vertical circle 
Without falling inside an iron cage. Explain his rotational equili- 
brium from the point of view of an observer fixed to the ground and 
that of an observer in the frame fixed to the motor cycle. 


Ans. From the point of view of an observer fixed on the ground, 
the rotational equilibrium is due to vertically downward reaction of 
the iron cage on the tyre of the motor cycle at the highest point: 
The centripetal force necessary for rotational equilibrium is provided 
by the reaction R and the weight of the (motorcycle+rider), From 
the point of view of an observer fixed to the motor cycle, the system 
is in equilibrium due to balancing of the reaction of the iron cage 
plus the weight by the ‘inertia force’, i.e., the centrifugal force. 


24. When a car passes at high speed over a curved bridge across 
a river, will it leave the ground at the higest point against the gravity 
(vertically) or leave it tangentially at that point. Explain. 


Ans. To an observer fixed to the ground the car will leave the 
ground tangentially as the normal reaction is insufficient to provide 
necessary centripetal force and so due to inertia the car leaves the 
path tangentially. To an observer fixed to the Car, say, a passenger, 


the car will appear to leave the ground and move away from the 
centre, 


25. In an unbanked curved road a car will skid 
and will tend to over 


Explain. 


if it is slippery 
turn if road is rough and speed is high. 


Ans. In an unbanked curved r 
necessary centripetal force, 
much centripetal force and s 
.hand if the road is rough, t 
provide centripetal force, 
exceed the moment of t 


oad, frictional force provides the 
If road is slippery, it cannot provide 
© the car is likely to skid. On the other 
here will arise enough frictional force to 
But its moment about the cg of car may 
he couple formed by its weight and the 
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reaction on the outer wheel. So if the road is rough the car is 
likely to overturn at high speeds. 


26. In a magnetic field a charged particle always moves in a 
circular path. Why ? 

Ans. In a magnetic field a charged particle always experiences 
forces at right angles to the direction of motion which is the 
characteristic of a circular motion. So a charged particle always 
moves in circular path in a magnetic field. 


OBJECTIVE QUESTIONS 


1. When a ball is whirled ina circle and the string supporting 
the ball is released, the ball flies off tangentially. This is due to 
(a) action of centrifugal force, (b) due to inertia for linear motion, 
(c). due to centripetal force, (d) due to some unknown cause. 


Ans. (b). 

2. A particle of mass $ kg is whirled in a horizontal circle of 
radius 1 m with a constant speed of 4 ms-. The tension of the 
string is (a) 1 N, (b) 2 N, (c) 3N, (d) 4 N. 

Ans. (d). 


3. The breaking force of a string is 16 kgf. The maximum 
frequency at which a body of mass 1 kg can be whirled in a hori- 
zontal smooth plane (g=n* ms?) with a length 1 m of that string is 

(a) 10, (b) 5, (c) 4, (d) 8. 


Ans. (c). 


4. A spirit level is placed with its centre at the axis of a turntable. 
"The bubble will lie (a) at the centre, (b) at the outer edge, (c) at 
the inner edge, (d) will oscillate about the centre. 


Ans. (a). 


5. A spirit level is placed at the edge of a turn table along its 
radius. The bubble will lie (a) at the centre of the container, 
b) at the outer edge of the container, (c) at the inner edge of the 
container, (d) will oscillate about the centre of the container. 

Ans. (c). 

6. A string of length / is used to whirl a particle in a vertical 
plane. The ratio ofthe maximum speed to the minimum speed in 
the circle when it just goes through complete revolution is 

(3) 4215 (b) 4/3 214 (6) 5:2, (di v/5 51; 

Ans. (d). 


7. Which one of the following represents a simple harmonic. 
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motion? (a) x?=a+bv, (b) x=/a+by, (c) x=a—by, 
(d) x—4/a— by? where a and b are two positive constants. 

Ans. (d). 

8. Inasimple harmonic motion the displacement and velocity 
differ in phase by (a) 0, (b) 2/2, (c) x, (d) z/4. 

Ans. (b). 

9. A particle in simple harmonic motion has the same displace- 
mets equal to half the amplitude but opposite velocities 'at two 
instants. The minimum time interval between the two instants is 

(a) T2, (b T/3, (c) T/4, (d) T/6. 

Ans. (d). 

10. A disc revolves in a horizontal plane at a steady rate of 3rad/s. 


A coin will remain on the disc if kept at a distance of 20 cm from 
the axis of rotation. The coefficient of friction (g— a? ms-?) is 


(a) '5, (b) 3, (c) :20, (d) 72. 

Ans. (d). The centripetal force = umg = mo?r 

or fae ST, 
g n 


-4x9x'02- 72. 


11. The correct angle of banking for a curved road of radius 
12 cm for a speed of 108 kph (g—10 ms-?) is 
(a) 45?, (b) 30°, (c) 375, (d) 60°. 


Ans. (c). tano=—"— 
v=108 kph =30 ms-t. 
^: 2 (900-443 8) 
ees 20 SHTO 3:4 8555. 
1922370: 
12. When a 


d particle is moved in vertical circle, (a) it has cons- 
tant radial and tangential acceleration, (b) it has variable tangential 
and radial acceleration, (c) it has only constant radial acceleration, 
(d) it has only constant tangential acceleration. 

, Ans. (b). Reason: When the particle is moved in a vertical 
circle the forc: 


: rce towards the centre and along the tangent vary from 
point to point and so its radial and tangent 


ial accelerations vary. 

13. A body of mass 4 kg is moyed in verical circle with sufficient 
speed. Its tangential acceleration (g=10 ms-?) when the string 
makes an angle 30° with the downward vertica] is 
(a) 4 ms,  (b)5ms, (o) 75 ms, (d) 8 ms-?, 

Ans. (b). The tangential force— mgsin0 = mar 
<. at =gsin0=10 x sin30? — 5 ms, 


M 
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14. Jf the rotation of the earth were such that g=0 at the equator, 
the length of the day would be (g— 10 ms~ at the equator and take 
17—3 and radius of the earth— 6400 km) 

(a) 1 hour, (b) $ hour, (c) $ hour, (d) § hour. 

Ans. (c). The apparent weight of a body on the surface of the 
earth is the vector difference between gravitational pull and the 
centripetal force. Ifthe speed of rotation were so great that the 
centripetal force equalled the gravitational pull, then the apparent 
weight of a body would be zero, that is, would be apparently zero. 


o mgo-mo?R; o—4/ g[R 
or T=2 |È —2x 3, / 04003 1000 4800 sec — $ hr. Proved. 
I4 


15. A point traversed half a circle of radius R during the interval 
*. The mean speed during the interval is 


(Cy pira Speen RR NI ENDE 
3 T T t 


Distance covered — qR 
time T 


Ans, Mean speed = 


So the answer is (c). 
16. In the above example, the modulus of the mean velocity is 


Oy OA TTO E RI 
T T T T 
A pam RE ERORE ay A 
Ans. <v> 1 um At E (9 At=1) 
x | <v> |= 2R , so the answer is (b). 


*17. In the above examples, if the point moved with constant 
tangential acceleration, the modulus of mean acceleration is 


2nR 2R aR R 
(a) E ND (b) go ve (c) VEYT) (d) ar 
E CES ODE A RN s ' 
Ans. as cal ad Cy ve, S (UG) RS 
T T * 
ERES ee 
t 


Since the tangential acceleration is constant, e =c (a constant), 
7 ) 
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zn ae =average speed during the interval= ge. 
Or ydy'— RO 
i2 Xu] <a> | yr fun 
T 


So the answer is (a). 


18. A cord is tied to a pail of water and the pail, is swing in a 
vertical circle of radius 4 m (g=9 ms-?). The minimum velocity of 
the pail at the highest point of the circle, if no water is to spill from 
the pail, is (a) 7.ms-!, (b) 6 ms, (c) 10 ms}, (d) 3 ms-!. 


, Ans, (b). Let N be the downward reaction of the bottom of the 
pail on an elementary mass m of water. Then force on the mass 
towards the centre at the highest point is N--mg, where m is the 
elementary mass. For rotational equilibrium of the element of mass 
we have N -- mg — mor. 

.Now N>0 because N negative means mass is not in contact 
with the pail. 

mo?r > mg 


yzgr (7 v=or) 
v>/er 
JS Vmtn=V/er=/9X4=6 ms. 


19. A 1200-kg automobile rounds a level curve of radius 200 m, 
on an unbanked road, with a velocity of 72 kph. The minimum 
Coefficient of friction between tyres and road in order that the 
automobile shall not skid is (g =10 ms-?) 

(a) 0:3, (b) 02, (c) 0:6, (d) 0:5. 


Ans. (b). In an unb 
by frictional force. 


or 


anked road the centripetal force is provided 


Sirictton= mya 
But fim fríctton SSirtctton, or umgz Dum 
or u> xs 
g.r 
Sur cale EE e 
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20. The maximum velocity at which a truck can safely travel 
without toppling over, on a curve of radius 250 m (the height of 
the centre of gravity of the truck above the ground is 1:5 m and the 
distance between wheels is 1:5 m, the track being horizontal) is 

(a) 30 ms, (b) 35 ms, (c) 40 ms, (d) 45 ms“. 

Ans. (b). The car will not topple so long as the moment of the 
lateral frictional force providing 
centripetal force about cg is less 
than the moment of the vertical 
reaction on the outer wheel about 
the same point. That is, 


Fxh< Rx $ 


Ry+ R.= mg. 

At the instant of toppling, the 
left-hand wheel leaves contact with 
the ground, so that R,=0. 

So Ro=mg. 


2 
But p-J and R.—mg. 
r 


2 
dio D xhemg 4, or v<,/ ie: Eun 


2 h 


i mas / ju. que E UI GERD. 


21. A particle is moving at a speed 40 ms on a circular track 
of radius 400 m. This speed is increasing at the rate of 3 m s-?. 
The acceleration of the car is 
(a) 4ms-?, (b) 7ms-, (c) 5ms-, (d) 3 ms. 
40? 


= -2 LEY yea Ud -2 
Ans. (c). ar=3 m s, ar=v?/r 400 4ms 


a= aj*-Eai—4/ 33+4=5 ms. 

22. The time period of the simple harmonic motion represented 
by f--4n?x—0, where f and x are instantaneous acceleration and 
displacement, is (a) $s, (b) 4s, (c)ls, (d)2s. 

Ans. (c). f= — 4n?x. j 


S. 00?—4ns?, or o=2n, or 2 en, Orge —d's. 

23. The potential energy in a simple harmonic motion fluctuates 
at the frequency of (a) n, (b) 2n, (c) 3n, (d) 0. where n is the fre- 
quency of the simple harmonic motion. 
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Ans. (c). U= imo?x!— ima'o?sin?ot 
—ima'o*(sin*or) 
= jma*o*(1 —cos2at) 

or U — ima!o?— ima*e?cos2ot 


—ima*o?-- mato? sin( 20t — z). 


The second term is a simple harmonic term of cyclic frequency 2o 
or of absolute frequency 2n. 
24. The equation of a simple harmonic motion is 
x=0'34cos(3000¢-+0°74) 
where x and t are in mm and s. The frequency of the motion is 


3000 0:74 3000 

I = (d) =, 

(a) 3000, (b) zo (c) s^ (d) z 

Ans. (b). 

25. A body of mass m is suspended by a spring of force constant 


k. When the body is depressed a little and then released, it oscillates 
with frequency 


(a) 2 mi (b) an, J”, (c) = xz, (d) 2s E. 
Ans. (c). 


Let x be the increase in length at time t. Then instantaneous force 
on the body= — kx, 


—kx-mf 

k 

a EAA 
ME 1 fk 
Wi OE OL om | eis 
m 2nN m 


26. 1f the above arr 
accelaration due to gra: 
the frequency of oscill 


angementis taken to the moon, where the 
vity is about 3th that on the earth, how will 
ation of the spring be affected. 


Ans. It will remain the same. The frequency depends only on the 
Spring constant and on the mass. It does not depend on the accelera- 
tion due to gravity, 

27. A particle describes simple harmonic motion along a line 
4cm long. j The velocity of the particle when it Passes through the 
mean position is 3:142 m/s. The period of the SHM is 
(a) 03s, (b) 04s, (c) ‘8s, (d) ‘Ols, 


Ans, (b). 
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28. When the displacement is one-half the amplitude, the fraction 
of the total energy that is potential is 

@: (£i (oi (Qi 

Ans. (c. E-imae? and U- imo?x? 


U xx aj 1 * 
: One uvas A3) SEES 
4 Fraction E 


29. When the displacement is one-fourth of the amplitude, the 
fraction of the total energy, that is, kinetic is 
()$; (0£ (©) 23, (05 


Ans. (d. E= id T-—imo*(a*— x?) 


* gun 


30. The maximum velocity of a body undergoing SHM is "2 m/s 
and its acceleration at *1 m from the mean position is '4 m/s". The 
amplitude of the SHM is 

(a) 25m,  (b':3m (‘im  (d)-05m. 

Ans. (c). 

31. A body of mass 10 gm excutes SHM with amplitude 2 cm 
and time period 2 s (take 5? —10). The energy of the particle is 

(a) 10J, (b) 10-5 J, (c) 2x 10-5 J, (d) 4x 10-5 J. 

Ans. (c). 

32. Grouping of springs is similar to grouping of capacitors. Is 
it true or false ? 

Ans, It is true. When two springs are connected in parallel, the 
force constant of the equivalent spring is given by 

k=ki+ka+k;+. 
When they are joined in ‘series’, the equivalent force constant is 


. oC cbe 
given by eam eae ARE ODOC 
These are also the rules for grouping of capacitors. 
33. A body of mass m is 
hung from a light horizontal 
rod which, in its turn, is suspen- 
ded by two springs of stiffness 
k, and k, from the ceiling. The 
period of oscillation of the mass 


À kitka 
is (a) 2m y TENA 


kika 
(ki+ka)m Fig. 5.9 


(b) 2n 
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m (ky km 
© au me @ zf ee. 


Ans. (a). 


34. A spring of force constant k, is clamped at one end to ceiling 
and its lower end is connected to another spring of force constant Ka. 
The combination carries a mass m. The period of oscillation is 


ky +ke 3 ky 
e z j Em." t) 2s kam 
ka kıks 
2 2 acea ul i 
(or kım’ e» (k-- kam 
Ans. (d). 


35. The end of one of the prongs of a tuning fork which executes 
simple harmonic motion of frequency 1000 Hz has amplitude 0:4 mm. 
Its maximum acceleration is (take 1?— 10) 

(a) 10 ms,  (b)3 ms?, (c) 6'4 ms,  (d)-:4 ms~?. 


Ans, (c). 
36. A spring of force constant 19:6 N 


[m hangs vertically. A body 
of mass °4 kg is attached to its free ends. 


This is depressed slight] 
and then released. The period of oscillation of the Ee is AS 


(a) 5s, ()?*s © 7s, (d) 2s 


Ans. (d). We have standard formula T=2n T 


: E 4 _2n 
di Taan ERR TS 


37. The period of vibration of a mass suspended by a spriag is T. 
The spring is cut into 7: equal parts and the body is again suspended 
by one of the pieces. The time period of oscillation of the mass is 

(a) 4/n.T, (b) nT, (c) T/4/n, (d) r?T. 

Ans. (c). The force constant is inversely proportional to the 


length. If kis the force constant of the original spring, then the 
force constant of each part is nk, 


SE 2n T and T= [P 


p 
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EXAMPLES 


1. A stone of mass 1 kg is attached to one end of a string 1m 
long, of breaking strength 500 N, and is whirled in a horizontal circle 
on à frictionless table top. The other end of the string is kept fixed. 
Find the maximum speed the stone can attain without breaking the 
string. 

Sol. The forces acting on the stone are: (i) mg, downwards, 
(ii) N, normal reaction of the table, (iii) 7, tension of the string 
towards tbe centre. 

Resolving all the forces along the horizontal towards the centre 


of the circle and vertical we have 
T-mxL and N-mg 
r 


(there is no acceleration along the vertical). 


Obviously,  Tmaz— enu where / is the length of the string. 


or ees Tmax Xx! _ 5001 —500 
m 1 
or Ym-—22:36 ms. Ans. 


T 2. (a) How many revolutions per 
minute must the apparatus ofthe 
figure make about a vertical axis in 
order that the cord shall make an 
angle of 45? with the vertical ? (b) 
What is then the tension in the 
cord ? Given : /— 1:414 m, a — 20 cm, 
m=500 gm. 


Sol. When the shaft is 
rotated, the mass ™ will revolve 
in a circle centred on the shaft. 

The forces acting on the 
mass : (i) mg, downwards, (ii) 
T, at inclination 0—45? to the 
vertical. 

Resolving T along the verti- 
cal and horizontal directions, Fig. 5.11 
and equating forces 
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nae gtan8 


A t j or 
Dividing, unen or ; 1 


Here r—a-tlsin?—2-4-1414x —L- — 12 m. 


2 
, 98xtand5? 938 
aee LOEO DI Ae 
1:2 1'2 
or o= / 28 =286 rad/sec 
o 286 
or ub CRT 46/sec 


='46 x 60=27'6 per minute. Ans. 
— mg _%x98 98 
(Du cos0 cos45° 4/2 


3. An aircraft in level flight is said to make a standard turn when 
it makes a complete circular turn in two minutes. (a) What is the 
banking angle in a standard turn if the velocity of the aircraft is | 
432kph? (b) Whatis the radius of the circle in which it turns. 


... Sol. The forces acting on the aircraft are: (i) mg, downwards, 
(ii) L, lift of air at an angle @ with the vertical. 


Resolving along the horizontal and 
vertical, 


6:93 N. Ans. 


Lcos0—mg 


and Lsino- "Y . 
r 


a 
Dividing, tand=~., 
Tg 


432 x 1000 

—432 kph- — 4^ -— 7 
Here v=432 kph 3600 
— 120 m/s. 


Da Inne EE EUN 


120951120 12301 


r= 120x30 3500... 1146 m, Ans. 


120x120 xx 
tanü— al 599 
an 36005:9-8 1:282 or 90-52. Ans. 
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*4. A 4-kg block is attached to a vertical rod by means of two 
strings of equal length. When the 
system rotates about the axis of the 
rod the strings are extended as 
shown in the diagram. How many 
revolutions per minute must the 
system make in order that the 
tension in the upper cord shall 
be 20 kgf? (b) What is then the 
tension in the lower cord ? 


Fig. 5.13 


Sol. The forces acting on the block (i) mg, downward, (iii) 7j, 
tension in the upper cord at inclination 9 with the horizontal, 
(iii) T5, tension in the lower cord at inclination @ to the horizontal 
on the other side. 

Resolving along the horizontal and vertical we have 

T, cos0--T, cos0=mu'r=me'lcosd (*% r-lcos0) 


or T,2- T  me?l - (i) 
and 7|jsin0—7, sin0--mg (*; there is no vertical acceleration) 
or (7,—7;)sino—mg. —— - (ii) 


Using the given data in Eq. (i), 
20xg--1,—4o0*x5 


or 20g -- T; — 200? 
and in Eq. (ii), | (202—73) x $—4xg 
or 20g—T.= 5g. 
Adding, 40g = 200? 5g 
2_ 359 = [358 
ABAZ. Sage BAY T207 
1 /ig 

or nap, [B= “33 per sec— 19:8 per min. Ans. 


T,—20g—5g—15g—15kgf. Ans. 


*5. Show that the vertical reaction on the outer wheel of a car 
moving at a speed along an unbanked curved path is always greater 
than that on the inner wheel and at very high speeds it will overturn 
about the outer wheel away from the centre. Assume sufficient 
friction to prevent skidding. 


254 COACHING AT YOUR HOME PHYSICS 


Sol. Letacar of mass m move in a circular'track (unbanked) 
of radius r. Let 2u be the distance 
between inner and outer wheels and 
h is the height of the cg of the car 
above the ground. Let N, and N, be 
the normal reactions on the inner and 
outer wheels and F, and F, are the 
frictional forces on them towards the 


j] j E, centre of the track respectively. 
p ing i For rotational equilibrium we have 
27^ / 2 
" PA Fit kya 
a“ r 
eee Ny--N3- mg. 
Fig. 5.14 Taking moments about the cg of the 
car, we have for no turning of the car 
(F,+ F3) h-- Na Ns a. 
Thus Ni+-No=mg and N,—N, cmh 


r.a 


tj 
Hence  N,-im (T and N=} m(g h 4 
7 ra 


Clearly No>Ny. Proved. 


As the speed is increased, N, decreases and at speed y= pre 
v h 
it vanishes altogether. That means the inner wheel loses contact 
with the ground and the car tends to turn about the outer wheel 
away from the centre. 


Motion in a Vertical Plane 


*6. A stone of mass į kg is attached to a string of length 50 cm 
which will break if the tension in it exceeds 20 N. The stone is 
whirled in a vertical circle, the axis of rotation being at a height 1 m 
above the ground. The angular speed slowly increases, until the 
string breaks, In what position is this most likely to occur and at 
what angular speed ? Where will the stone hit the ground ? 


Sol. Let us consider any position of the stone. The forces 
acting are : (i) mg, downwards and (ii) T, tension towards the centre. 
Resolving the forces along the string towards the centre and per- 
.pendicular to it, we have from ‘dynamics of circular motion’, 


T—mgcos0— ae 


where / is the length of the string 
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and mgsin0 —ma« 
where at= tangential acceleration. 

From energy conservation we have 

mgd--i mv -— mgd--mg(l— lcos0) 

-d-imy 

where vy is the speed at the lowest 
position and d is the height above the 
ground of the lowest position. 

or yo? = v? 4-2gl(1 — cos) 


T—mgcos0 = zw — 2gl(1 — cos)] 


= 0 2mg(1 —60) 
l Fig. 5.15 


or T- T —2mg+3 mgcosg. 


Obviously, T is maximum when cos is maximum. 

The string is likely to break where the tension is maximum, 
that is, when cosọ=1 or 0-0?. 

Hence the string is likely to break at the lowest poistion. 


m 
Tmaz— 


2 
z +mg. 


20=2X"0 -4x98 or w?—15:'l or v,=3'88 m/s. 
$ 


Qo ESO e o=o = 338 7-76 rad/s, Ans. 
i 


After the string breaks, the stone is thrown horizontally, 


0 ety) Bee GISELE 
: Jor 


x (horizontal distance) = vot = 3°88 E 1:75 m. Ans. 


vus 4X loop-the-loop apparatus Or. Mol A 


- 


is made of a quadrant, of radius 4r 
joined to a semicircle of radius r as 
shown. The track is frictionless and a 
small particle of mass m slides down 
starting from the highest point A of the 
quadrant. Calculate the speed, tangen- 
tial and normal acceleration of the 
particle at B. With what velocity does 
it leave the track at D ? 

Fig. 5.16 
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Sol. Let the line OB make an angle 0 with the horizontal line DB. 


The forces acting on the particle at B are: mg, downwards 
and N, normal reaction along BO. 


Resolving along BO and perpendicular to it we have from 
dynamics of circular motion, 


N—megsin0= my 
E 4r 


and mgcos0— Maz. 
From geometry of the figure, 
sing 2-1 
:2000::302 
. N-img- "Y. 
amg = -3y 
and gcos30° =a; 
, gv3 
ae ae = : 
END 


From ‘energy conservation’, 

energy at A=energy at B 
or mg.4r=mg.2r-+imv* 
or y-4gr or v=24/gr 


t n 2 
a, (radial acceleration) = E eT =g. 
From ‘energy conservation’ between A and C, 


mg.4r = mg.2r+4mv? 
or w?-4gr or yo -2A/gr. 


Thus v-24/gr,a,— g and a e EV? at B. Ans. 


and at C, w-24gr. Ans. 


Conical Pendulum 


8. A shpere of mass m=200 gm is attached to an inextensible 
string of length / —130 cm whose upper end is fixed to the ceiling. 
The sphere is made to describe a horizontal circle of radius 


r—50 cm. Calculate the time of one revolution. What is the 
tension of the string ? (I. I. T. 1974) 
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Sol. The forces acting on the sphere are: (i) mg, downwards 
and (ii T, tension. Resolving along 3 
horizontal and vertical direction, we have 
from the dynamics of circular motion. 

Tsinü— m oJ sind (%7 r=/sine) 

and cos0- mg (there is no accelera- 
tion along the vertical). 

T-—mo?| and ZTcos0—mg. 

From the geometry of the figure, 


sin&— ^L. and cosoxV¥ FoF 
1 Í 
.. T=mo] and xL. -mg. 
Dividing, «t= — or CES 
M Iri 
aze Md 
and r-»( E ) 
SN Psat 
2 4 
o- (18) =286 
or = 2m dn 95, Ans. 


a; 
L:32x 9°82 
T= 
( 132—352 


*9, A horizontal rod of length 1 m is rotated ab. 'erti 
axis passing through one of its ends. What is the sabe an a i 
which this rod ruptures ? Breaking stress of copper= 3x 108 Nm-2 
density of copper =8900 kgm-?. 9 

Sol. Consider an element of the rod at a distance x from the 
axis and width dx. Let Tand TF dT 
be the tensions at the ends of the 
element. Centripetal force on the 


1 
Ej 
) —-22N. Ans. 


element = —dT— (avos where m 


is the mass of the rod. 


Integrating, — T= mo x. 
T2882 
2 a 
When x=} T-0; 3, on ; Te 


€ y. H. PHY.-17 
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mo? Cs qm or T=”% (ex) 


21 21 
When x=0, Tis maximum. 


ETE 


mo? 
p 
Tmaz=ATpreak and m=Alp where A=area of cross-section, 
Toreax = breaking stress 
AT oreaz=$Alpo*l Or Toreak= 3 pal? 


a sz ee 


&  Tmar= P= imoe?l 


pl? 
RS PES 59:6 
e- J oox 
or n=41'3 per sec. Ans. 
10.-A device (see figure) consists of as a smooth L-shaped rod 
ee TI located in a horizontal plane 
PASE CASS and a sleeve of mass Mm 
2 fo) N attached by a weightless spring 
M 


4 to a point B. The spring 
stiffness is k. The whole 
system rotates with a constant 

Fig. 5.19 angular velocity œ about a 


t , vertical axis passing through 
the point O. Find the elongation of the spring if its natural length 


isl. How is the result is affected by the rotation direction ? 


Sol. The forces acting on the sleeve are: (i) mg, downwards, 
(ii) N, normal reaction of the rod perpendicular to it in the plane 
of rotation, (iii) R, vertical upward reaction of the rod and (iv) the 
force of the spring, F, along the rod. 

Resolving all the forces along the 
normal and tangent we have 


+ Nsin0- mo*(ly4- AT) 
Fcos0-i- Nsin8 a 
(Ce reosd=1)-+ A!) 
Fsin0— Ncos0 (there is no tangential 
acceleration as the velocity is uniform) 
and R=mg (as there is no vertica 
acceleration) 
Eliminating N between the first two 
equations , 


Fcos9-t- Fsin8 DES mo*(lyJ- A!) 
Cose cos8 


Fig. 5.20 
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or F-—mo*(I-F- AI). 
But F=kAl 

©. KAl=mo%h+mo2A/ 
or AES Mp Ans. 


k—mo?* ` 


*I1. A closed chain of mass m is 
attached to a vertical rotating shaft 
by means of a thread (see figure), 
and rotates with a constant angular 
velocity o. The thread forms an 
angle 9 with the vertical. Find the 
"distance between the chain's centre 
of gravity and the rotation axis, and nro 
the tension of the thread. Fig. 5.21 


Sol. Let us solve this problem by D'Alemberts principle. We 
can take the chain to the stationary in the position shown in the 
figure by considering an additional ‘inertia force’ at the c.g. of the 
chain. The c.g. of the chain moves in a citcle of radius r about the 
axis of the shaft. The real forces acting on the chain are : (i) mg, at 
the c.g. of the chain vertically downwards, (ii) T, tension of the 
string. In addition to these two forces, let us apply the ‘inertia 
force’, that is, ‘centrifugal force’ mo*r at the c.g. of the chain. Now 
the chain may be treated to be at rest and the sought quantities can 
be found from conditions for ‘static 
equilibrium’ of the chain. Resolve 
ing forces along the vertical and 
horizontal we have 

Tcos0— mg 
and T.sin0— mo?r. 


de Tsino H stand ene 
mo o Fig. 5.22 


and 


*12. A block of mass å kg is placed on the highest point of a 
fixed smooth sphere of radius } m. The body is gently pushed to 
one side. Calculate: (i) the force exerted by the block on the 
sphere when it makes au angle 30° with the vertical. (ii) At what 
angle does it leave the sphere? (iii) At what distance from the 
point of contact of the sphere does the block hit the ground ? 


Sol. Let 8 be the angular displacement with the vertical The 
forces acting are : (i) mg, downwards, (ii) N, normal reaction of the 
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sphere away from the centre. 
1 Resolving force along the inward 
cp normal and tangent we have 


mgcoso— N= maz=m>- a W 


Lee [ 
P and mgsin® = mas. x cT 
i \ From energy conservation (centre 
f 1 as reference) n 
f 1 mgR=mgRcos0+imv.. (iii) 
A B Eliminating »? between (i) 


?nd (iii) 
mgcos0— N= 2mg(1 — cos) 
Or. N —mg(3cos — 2). 


Fig. 5.23 


(i) N.—3x9:8(3xcos30? —2) 
—$X9:8(3x:866—2)-2:9 N. Ans. 
(ii) When it leaves the sphere N=0. 
4  3cos0—2—0 
o= cos T 2=48°11’. Ans. 
(iii) Putting N=0 and cos0 — ; in (i) we have, 


or y: 


. Now the block becomes a projectile of initialivelocity 4/2g at 
inclination 6=cos~ $ with the horizontal at a height b 


f 
R+Rcoso=R+2R= as 


R- ysin0t-|-igt? 


and x= vcosof. 
Eliminating t, SR _ Li x 
g z xXtano--3g aceite 
5x1 /5 x? 
or LAS SV 
QU RUTDRDRRTET 
3 Vx, 21s 
Ge Tie 
Sr 812?--24/5x— 40— 0 


x='44m. Ans. 


13. A metallic chain with a length 7=62°8 cm and whose ends 
are joined together is fitted onto a wooden disc. The disc rotates 
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with a speed of 1 —60 revolutions persecond. Find the tension of 
the chain if its mass m —40 gm. 


Sol. Consider an element AB subtending 2/0 at the centre. The 
forces acting on it are the tensions at the two ends tangentially in 
opposite directions as shown in the 
figure. Resolving along inward  Toosh@ A. B  TcosAe 
normal and perpendicular to it we ; 


have. T 
Centripetal force on the element 
=2Tsin Ae 
=T.2 A9. 
Mass of the element 
m Z 
=(— ).2A0xR 
( +) = Fig. 5.24 
where R is the radius of the disc. 
Now 1=27R. 
-. Mass of the element=”.2 Aox ee 
l 2n 
a T229-( mA pe Es 
z 2n 
oT ntl (eo eight) 
gr? 


<. T-2:040x60?x-:628-9:2 kgf. Ans. 


*14. A spaceship of mass zy moves in the absence of external 
forces with a constant velocity vg. To change the direction of 
motion, a jet engine is switched on. It starts ejecting a gas with 
velocity u relative to the spaceship and directed at right angles to the 
Spaceship's motion. The jet engine is shut down when the mass of 
the spaceship decreases to m. Through what angle did the motion 
of the spaceship deviate due to the jet engine operation ? 


Sol. Since the forces is always at right angles to the velocity 
(a characteristic property of circular motion), the spaceship will 
move in a circle with constant speed v, 
but with variable angular speed o T 
because the mass of the spaceship 
changes. The force being perpendicular 
to the velocity, there is no change in the 
magnitude of velocity. Let r be the 
instantaneous radius and o is the ins- 
. tantaneous angular speed. Then v,—or. 
dm 


Tbe thrust on the spaceship =u oie Fig. 5.25 
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By dynamics of circular motion 
dm 


u—_ =mo?r. 
dt 


dm do " 
u—— .—=mo'r 
ys dð dt 
@ 
or ui -mo?r (* [3] -2) 
dm 
Or u—— — mor 
d 
=mv 
u dm do 
j CAT 
a 
uu dm =f do 
ee) m 
0 RA Pj 
0 
e— P log Ans 
Yo Mo 


Simple Harmonic Motion 


1. A spring of force constant ‘k’ carries a mass min a field free 
space. Calculate the time period of oscillation when the mass is 
displaced a little and then released. Do it by ‘energy conservation 
principle’ and also by consideration of dynamics of the motion. 


Sol. When the spring is extended by x, energy of the spring in 
kx? and kinetic energy of the mass is 1mv*. 
-. Energy of the system (spring-+-mass) = 3kx*-+imy? (neglecting 
the kinetic energy of the spring). , 
This is a constant by the energy conservation principle. 
ikx?--imv?- c (a constant) 
dx dv 


= 1 — 
a tim 0. 


Differentiating, ik2x. 7 


dy _ é dx _ ; 
But a^ acceleration and d^ velocity. 
S0 $k2x.v+-3m2y. f 4-0 
k 
f=- ae 
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=. foc—x. So the motion is simple harmonic. 

k m i Jm 
0 2 = — and =e 
SO @t=—, or T: an f7 and z (frequency) Sen 


By ‘dynamics’: When the spring is extended by x, the force 
called into play by it on the body is kx in the direction opposite 
to x. 

S —kx=mxf 


ELM DA 
or i= m 


-. Motion is simple harmonic and ee 
m 


Note. Though here the deduction from dynamics is much easier, 
the energy conservation principle is helpful when the spring is not 
light. 


2. Find the period of small oscillations in a vertical plane per- 
formed by a ball of mass m fixed at the middle of a horizontally 
stretched string of length /. The tension of the string is assumed to 
be constant and equal to Fẹ mg. 


Sol. Let the string make angle a with the horizontal position in 
the equilibrium position. 
For equilibrium we have 
2Fsina— mg B): 
Let us consider an instantaneous 
small angular displacement by 8. 
The unbalanced upward force 
= 2Fsin(a+6) — mg 
—2F(sina.cos0-- cosa.sin0) — mg 
—2Fsina4-2Fcoso0 — mg 
(7 cos0—1, sin0— 0) 
—2Fcosg0— 2F6 (^ cosa~1) 


ELA eo aes) 


Se -AF. =mf 
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or T=2n | =r ml Ans. 


3. A simple pendulum of length / is kept immersed in a liquid of 
density n times less than the density of spherical bob of the 
pendulum. Calculate the time period of small oscillations of the 
pendulum. 

Sol. Consider a small d 


OI isplacement of the pendulum from the 
mean position by 0 in the 


anticlockwise direction. 
The unbalanced restoring force 
= 2 r'pgsino -— "rr'egsino 


where r —radius of the bob, p= density of 
bob, c— density of liquid 


= Arp —c)gsing 


Fig.5.27 


= Ar (p—o)g.o ("6 small) 


Lár "Yrs x 
3 fe 9)g—- 


_4n HAE x _4n 3 
aS p-9g7 Ta exh 
or fe -(1-2) fx 


=-(1-1) $x E s=) 
n/ 1 n 
"Therefore, foc—x and motion is simple harmonic. 


uiuos ed 
n l 


or T=% | m =% | d . Ans. 
(n—1g ^w (i^) 
n 


*4. A body of mass m fell from a height h onto the pan of a 
spring balance. The mass of the pan is M and that of the spring is 
negligible, The force constant of the spring isk. Having stuck to 
the pan, the body starts performing harmonic oscillations in the 


vertical direction. Find the period, amplitude and energy of these 
oscillations, 
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Sol. Let v be the velocity immediately after impact. 


m 

M+m 

The period of oscillation of a spring depends on mass attached 
and its force constant and it is given by b 

T2 fh 

a k 


Then my2gh =(M+m)y, or y= / 2gh o (63) 


uy M-m v k 
Here, T=2r Ea or o Mem 


The body vibrates about the equilibrium position. 
Let the spring be compressed by x, from the equilibrium position. 
Then (M-+-m)g=kx, 


on x= — . QD 
Let the spring be compressed by 
Xy' after impact. 
By conservation of energy 
3(M 4-m)v* 4- (M 4-m) gl, 
z:0-F (M 4-m)g(I — xo!) + 8x9? 
A ; m? 
or BO) mye 8" 
= —(M+m)gxg + 3kXxo'* 


m? $ j mL 
DU gh+(M-+m)ex, 
Or oar Et EUREN Fig. 5.28 


mio 


or kay 2M mgr — 2 gh=0 


+m 
,_(M-+m)g , 1 Res y 2m'gh 
X TE 4(M4A-myg^--4 MESH 


_ (M+m)g aerar 2m'kh FA 
Taw qn b (M+) 


‘The negative sign is not acceptable because x,’ cannot be negative 


xy = Are, arme | li 2mkh - 
ek k "(M+ meg” 


: i M-+-m)g 2m?kh 
Now a (amplitude) =x)'—x)= roms / 14- Uim 
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Now, E-ima'o* (formula) 
jx (M-+m)?g2 2m*kh ) k 
=i(M-+m) T (+ ts) SEES 
_ OM -myg? (4 2m*kh ) Ps: 


2k ' (Mmg 


5. A spring of force constant k carries a weight M at the lower 
end and clamped at the upper end to a rigid fixed support. A bullet 
of mass m is fired into M vertically upward from below with 
velocity v. After collision the bullet remains embedded in the mass 


-M. Calculate the period, amplitude and energy of the resulting 
system. 


Sol. Let v’ be the velocity immediately after collision. 
Then mv-(M--m)v by momentum conservation. 


The period of oscillation of a 
spring loaded with a mass depends 
only on the mass attached and the 
force constant of the spring and is 


given by Tan, |” (formula). 


x rean EER 
k 


or PES W ENA 1 
M--m 
The system wil i ut 
Fig. 5.29 Y ill oscillate abo 


the equilibrium position. Let the 
spring be compressed by x, in equili- 
brium position. Then 


(M 4-m)g = kx, or x= Gm 
Let the spring bz compressed by x,’ after impact. 


By energy conservation 
$0M -m)y'? — (M 4- m)gx' 4- ikx,'? 


or kxe? E2UM--m)gxy! — (M-m) a uy =0 
or I 2M my — =(, 
Fm 


EN o (Mmg E f A(M 4 m)*g2+ 4k my 
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ot xy = pe p arro | Tit 


k (M E myg* 
The negative sign is not acceptable as x,’ can not be negative. 
Now a (amplitude) = xo +x (because x, is now 
downward) 
ontwer 1 m*vi 
= D AnS. 
or a k TULnemygs ns. j 


E (energy of the resulting SHM) — $ma*o* (formula) 


P. arme ( m?y? ) k 
UEO: ka lE Mmg “Tear 


_ 1(M+m)2g2 iE ) 
3 E 1+ Mpm . Ans. 


6. A particle moves along the x-axis according to the law 
x=acosot, Find the distance that the particle covers during the 
time interval from r=0 to ¢. 


Sol. According to the law at 1 — 0, x=a, that is, the particle is at 
the extreme right end at the initial moment. 1f tis exactly divisible 
by 7/4, that is, t =n.T/4 where n is an integer, the distance covered 
will be na because in every quarter cycle the particle describes a 
distance by ‘a’. If t is not exactly divisible by 7/4 then we can write 
t—n.T[A--t' where t' is additional time less than 7/4. The distance 
covered now will be mz plus the distance described in t’. Now if n 
is odd, this distance is na--acosot' andifnis even this distance is 
na--a — acosot'. 


Thus S= na-+acosa( =") =na +acos( ot — m) when z is odd’ 


napa -acos(as — "8 when z is even. 


or S-a| n+] ~cos{ ar 2") | when n is even 
| 


L 


a| n+ cos(o1- nn fi 
27) 


7. Two cubes with masses m, and m, were interconnected by 
a weightless spring of force constant k and placed ona smooth 
horizontal surface. Then the cubes were drawn closer to each other 
and released. Find the period of oscillation of the system. 


Sol. Each mass will vibrate with the same period. 
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Since the system is free from external force, the centre of mass 
of the system will remain stationary. The position of the centre of 
mass divides the distance in the inverse ratio of masses, that is, 

lt l=ma:m, 
and /, 4-/; — 1, (natural length of the spring) 


l 

,——— 3 — xm and h= ALE UA 
m+ My m+ ma 

Thus, m, vibrates due to the portion of the spring of length / 

and m, vibrates due to the remaining portion of the spring. 


Since force constant is inversely proportional to the length 


Xm;. 


Ja dg cg x Mata _ k(m+m) 
TET NR Ma 
and ka= K@m+m,) 


m; 
The period of oscillation of a loaded spring depends on the mass 
and force constant given by T= 2 f (formula). 


& T=? | = / mi =2n nama 
1 


kimm) -— k(m +m) 
me 


Centre of 
mass 
m : 


Fig. 5.30 
and Ta=2n / E MM, 3 
ko k(m Fms) 
Thus the two vibrates with the same frequency and it is given by 


T=2n / "um. — 
k(m;-4-ms) 


T=% E here Lll, 
k where ü EUER 


Ans. 
Or 
Note. The formula for time 


tes period for two bodies connected by 
a spring is the same as that of a single body provided mass of the 
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body is replaced by reduced mass of the system given by 
bo eal 


Ho m M 


*8. Calculate the frequency of 
oscillations of a thin uniform rod 
of mass m and length / hinged at 
the upper end at O (see figure). The 
force constants of the springs are 
kı and kg. The mass of the springs 
are negligible. 


Fig. 5.31 


Sol. The rod will perform small angular oscillations about O. 
Let O be the angular displacement. Let the lower end be displaced 
to the right by x. The left spring exerts force kx to the left and 
the right hand spring exerts the same force to the left. The weight 
of the rod ‘mg’ acts at its centre and that also exerts torque on the 
rod about O. 

+ (net torque on the rod about O) — — kxl — ksxl —mg.x/2 


= - (ky xL mg. = —  -R)L-- img) 


= = (Kg L- ging) el (- o=% 


In angular motion 
torque = moment of inertia x angular acc. 
ie. t=Ja (formula in the standard form) 
no —{(ky+-ke)l+img}le=(iml?ja (^ I—iml?fora rod) 


sm 3(kı+ka) 3g 
oe Erom °, 


Thus acc —0. Therefore motion is simple harmonic. 
FEECEL ONES 
m 21 
l /3(k,+k,) , 3g 
f = x 1 2 2B. 
or n (frequency) Xue S T3 Ans. 


*9. Two point charges + Q and +Q are placed 2a apart. Show 
that a point positive charge +q placed at the centre of the line 
joining the two will execute simple harmonic if slightly displaced 
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along the line and a negative charge —q will perform simple harmonic 
oscillations along the perpendicular to this line. Calculate the 
frequency of these oscillations. 


Sol. When --q is displaced a little along the line, the two forces 
of repulsion will give rise a resultant force in the opposite direction. 
Thus there will exist restoring force on -+q along this line. So it 
may execute SHM along this line. If it is displaced sideways, the 
two repulsive forces are added to repel --q further away from the 
line aud so no possibility of to and fro oscillation along this line. 
A little consideration will show that it just the other way for =q. 

Restin 


g force on +g when slightly displaced to the right by x is 
given by 


MEO (p; 51 Qq 

P rn x ane, CE 

Er E 
a 


ES) 
le) - 6-3) | 
ra som) ca] 


(expanding and retaining only significant terms) 
=- y 
Tega? 
Force = mass x acceleration 
DO 
Tega? 
-. Motion is simple harmonic 


SO gi— Or or n-l 21. Ans. 
Tema 2nN negma 


1 Qq 
a? 


x=mf or f=— 24 


562 
nena 


When ~g is displaced laterally 
1 by x. 


Fco i „Restoring force= — 2Fsin0 where 
Sp S Fis the force of attraction due to 
tiz either change on —q. 
JEg TP YE 1 Q 2 
Sale: ay es ANN 
Siew sine ane, a+ x? Japa 
1 
Fig. 5.32 = Qax 


2neq(a* 4- x! 


‘along a smooth rod bent in the 
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= ea (neglecting x? in comparison to a?) 
Force =mass X acceleration. 
_ Oqx _ 
Y 2nega? mf 
$ Og 
Fi f 2negma®* 
.. Motion is simple harmonic. 
Rr ONE c NO, 
COME 2neyma? * OS ES 2negma? ` 
EXERCISES 


1. A particle of mass m movesalong a circle of radius R. Find the 
modulus of the average force acting on the particle over the distance 
equal to a quarter of the circle if the particle moves (a) uniformly 
with speed v; (b) with constant tangential acceleration ar, the initial 
acceleration being equal to zero. 


2. A small sphere of mass m suspended by a thread is first taken 
aside so that it forms 90? with the downward vertical and then 
released. Find 

(a) the total acceleration of the sphere and the tension of the 
thread in terms of 0, the angle made by the thread with the vertical; 

(b) the tension in the thread at the moment when the vertical 
component of the sphere's velocity is maximum; 

(c) The angle 0 when the total acceleration of the sphere is 
directed horizontally. 


3. A small body suspended by a thread swings in a vertical plane 
so that its acceleration in the extreme positions and at the lowest 
positions is the same. Find the angle made by the thread with the 
vertical in the extreme positions. 


*4. A sleeve A can slide freely 


shape ofa half circle of radius 
R. The system is set in rotation 
with a constant angular velocity 
about a vertical axis 00’. Find 
the angle @ corresponding to the 
steady position of the sleeve. 


Fig. 5.33 
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*5. A round cone A of 
mass m and half angle a rolls 
uniformly and without slipping 
along a round conical surface 
B so that its apex 0 remains 
stationary (see figure). The 
centre of gravity of the cone 

Fig. 5.34 Ais at the same level as the 

: point 0 and at a distance 7 

from it. The cones axis moves with angular velocity o. Find the 
static frictional force acting on the cone A. 


6. A chain of mass m forming 2 
circle of radius R is slipped ona 
smooth cone with half-angle 9. 
Find the tension of the chain if it 
rotates’ with: constant angular 
velocity o about a vertical axis (see 
figure) coinciding with the axis of 
the cone. o 


7. A (smooth light 
horizontal rod 4B can 
Totate about a vertical 
axis passing through its 
end A. The rod is fitted 
with a small sleeve of 
mass m attached to the 
end A by a> weightless 
spring of length /, and 
stiffness k. What work 

Fig. 5.36 must be performed to 

f slowly get this system 

going and reaching the angular velocity o. 


*8. The kinetic energy of a particle moving along a circle of 
radius R depends on the distance s covered as K=a s?, where a isa 
Constant. Find the force acting on the particle as a function of s. 


*9. A small body is placed on a smooth spherical surface of 
radius R. Then the sphere is imparted a constant acceleration ‘a’ in 
the horizontal direction and the body begins sliding down. Find 
the velocity of the body relative to the sphere at the moment of 


break-off. Also find the angular dis lacement with tical at 
the break-off point. i A ARENIS: 
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10. A small body 4A starts. 
sliding from the height 
h down a smooth inclined 
groove which passes into a 
half-circle of radius 4/2. Find 
the velocity of the body at the 
highest point of its trajectory 
(after breaking off the track). 


Fig. 5.37 


1f. A small ball of mass m is suspended by thread of length Z. 
With what minimum velocity has the point of suspension to be 
shifted in the horizontal direction for the ball to move along the 
circle about that point ? What will be the tension of the thread at 
the moment the ball will be passing the horizontal position ? 


12. A weightless rod can rotate 


with respect to the point O in a 
vertical plane. The rod carries A o 
masses m, and m, at distances rı AG, Gh) 
and r,from O. The rod is released e 2, f 
without any initial velocity from a WT 
position forming an angle a with ^. l 
the vertical. Determine the linear om, i 
i 


velocities of m, and ma when the 
rod reaches the vertical position. 


13. A rigid rod AOO’ bent at 0 to the 
vertical as shown in the figure rotates 
with an angular velocity o about axis OO’. 
A bead is fitted onto the rod. Find the 
distance / from the point O at which the 
qead will be in equilibrium if the coeffi- 
cient of friction between the bead and 
the rod is p. 


Fig. 5.39 


C. Y. H. PHY.-18 
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14. A string is attached to a horizontal 
cylinder of radius r=4 cm around which 
it passes several times. The free end hangs 
vertically and supports a particle. The 
vertical portion is equal to /,— 28 cm. The 
particle is given a horizontal velocity u 
perpendicular (see figure) to the axis of the 
cylinder and in such a sense as to wind up 
the string around the rail. What is the 
value of u so that the string does not slacken 
in the subsequent motion ? 


15. A particle of mass m is 
attached to one end of a light in- 
extensible string of length /. The 
other end of the string is held 
fixed at a height 4 above a smooth 
horizontal table (h</). The 
particle is held on the table with 
the cord fully extended and 
projected along the table and at 


i right angles to the string so that 
it moves in a circle with uniform speed v. 


velocity for the particle to remain on the table an 
tension. 


Fig. 5.41 


Find the maximum 
d the corresponding 


*16. To one end of a light inextensible string of length / is 
attached a particle of mass resting on 
a smooth horizontal plane. The String 
passes through a smooth hole in the 
table and to its other end is attached a 
small particle of the same mass, The 
system is set in rotation with the first 
particle describing a circle on the table 
with constant angular velocity o, and the 
SLE second particle a conical pendulum with 
constant angular velocity o... Show that 
the ratio of the lengths! of the string above 
and below the table is œ: œ. Further 


<—. 
Oy eg? & 


show that the motion is possible if alee: d i 
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17. Water flows with velocity 
yalong a rubber tube having the 
form of a ring as shown in the 
figure. The radius of the ring is R NS 
and the radius of the tube r« R. (d 
What force is the rubber tube 
stretched with ? 

zu 
v 
Fig. 5.43 


=r 


18. A particle of mass m= 100 gm is suspended from the end of 
a weightless string of length 1 m and is allowed to swing in a vertical 
plane. The speed of mass is 2 m/s when it makes an angle of 
@=60° with the vertical. Determine, 
(i) the tension of the string at 0—60? and 
(ii) the speed of the particle at the lowest position. 
(g—9'8 m/s?) (I.I. T. 1971) 


19. A 40 kg mass, hanging at the end of a rope of length / 
oscillates in a vertical plane with an angular amplitude 0j. What 
isthe tension in the rope, when it makes 0 with the vertical ? If 
the breaking strength of the rope is 80 kg, what is the maximum 
angular amplitude with which mass can oscillate without the rope 
breaking ? (LI. T. 1978) 


Simple Harmonic Motion 


1. A particle moves along the x-axis according to the law 
x=asinot. Find the distance that the particle covers during the 
interval from ¢=0 to f. 


Find the amplitude, frequency and epoch of the simple harmonic 
motion represented by x —3sinot--4cosor. 


2. Atthe moment t=0 a particle starts moving along the x-axis 
according to the Jaw x= IOsinzt cm, where t is expressed im seconds 
Find the distance that this particle covers during t=2:95 after the 


start. 
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Fig. 5.44 


3. Calculate the period of small 
oscillations of a hydrometer of mass 
m=50 gm when it is slightly pushed 
down and then released in water. 
The radius of the stem of the hydro- 
meter is 7=3'2 mm. 


4. A plank with a bar on it performs horizontal harmonic 
oscillations with amplitude a—10 cm. Find the coefficient of friction 
between the bar and the plank if the former starts sliding along the 
plank when the period of oscillation of the plank becomes equal to 


Ss 


Fig. 5.45 


Se 


A B 
Fig. 5.46 


perform simple; harmonic 
oscillations, 


5. A body A of mass m, —1 kg 
and a body B of mass mM =4 kg are 
interconnected by a Spring (see 
figure). The body 4 performs 
free oscillations up and down with 
amplitude a—1:6 cm and cyclic 
frequency o=25 rad/s. Neglecting 
the mass of the spring, find the 
maximum and minimum values of 


force that this system (A+B) exerts 
on the ground. 


6. A uniform rod is placed on two 
spinning wheels as shown in the 
figure. Theaxes of the wheels are 
separated by a distance /, the coeffi- 
cient of friction between the rod and 
the wheels is k, Show that if the 
rod is displaced slightly it will 


oscillations. Find the period of these 
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7. In the arrangement shown in 
the figure the sleeve of mass m is 
fixed between two identical springs, 
each of force constant k. The sleeve 
can slide without friction over 
horizontal bar AB. The arrangement 
rotates with a constant angular velo- 
city o about a vertical axis passing 
through the middle of the bar. Find 


the period of small oscillations of the sleeve. 
will there be no oscillations of the sleeve ? 


8. A uniform rod of mass m 
suspended by two identical threads 
was turned through a small angle 
about the vertical axis passing 
through its middle point C. The 
threads were turned through a in 
the process. Then the rod was 
released. Show that the rod 
performs SHM and find its oscilla- 
tion period. 


9, Aring of mass m and radius 
r can roll without slipping over the 
internal surface of a cylinder of 
radius R (see figure). Show that 
motionis simple harmonic if the 
angle 9 is small. Calculate the 
period of oscillations. 


(0) 


Fig. 5.47 


At what values of œ 


10. If the mass of a spring is not negligible but small compared 
to the mass M suspended, the period of oscillation is 


Tan [MERE Prove this. 


11. A solid cylinder of mass M 
isattached to a massless spring of 
force constant k so that the cylinder 
can roll without slipping along the 
horizontal surface. Show that the 
centre of mass of the cylinder 
executes simple harmonic motion 


with a period given by 
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12 A uniform cylindrical pulley 
of mass M and radius R can rotate 
freely about the horizontal axis O 
(see figure). The free end of a thread 
tightly wound on the pulley carries 
a weight 4. Ata certain angle a it 
counterbalances a point mass m at 
the rim of the pulley. Find the 
frequency of small oscillations of 
the arrangement. 


Fig. 5.51 

13. A charge +Q is uniformly distribu 

of radis ‘a’. Show that a small ne 
centre will remain in equilibrium 


slightly from this position along the axes, 
of oscillations. 


ted along a circular ring 
gative charge ‘g’ placed at the 
and it will execute SHM if displaced 

Calculate the frequency 


14. Two masses m, and m, are 

Suspended together by a massless 

Spring of force Constant Kk (see 

figure). When the masses are in 
“equilibrium, m, is removed without 

disturbing the System. Find the 

m, angular frequency and amplitude of 
oscillation of mg, (IIT 1981) 


NNN 


Fig. 5.52 


15. A block performs small oscillations in a vertical plane while 
moving without friction over the internal surface Of a spherical cup. 
Determine the period of oscillations of the block if the internal 
radius of the cup is R and the size of the block is negligible in 
Comparison to the radius of the cup. 


16. How will the period of oscillations of 
(cup and block of problem 15) if the cup is 


the block in cup change 
horizontal surface 


is placed on a smooth 
over which it can move without friction ? 


the string, D 
weight at right angles to the String. 


TEST YCURSELF 


1. Answer the following Objective questions : 3x10=30 
(i) A motor car is travelling at 30 ms— on cj 


225 m. It is increasing its speed at the rate of 3 ms~*. The accelera- 
tion of the car is (a) 3 ms-?, (b) 4 ms-? 


> (€) 5 ms, (d) 6 ms-2. 
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(ii) A bottle of soda water is held by the neck and swing rapidly 
in a vertical circle. The bubbles collect (a) near the bottom, (b) in 
the middle of the bottle, (c) near the neck, (d) uniformly distributed 
throughout the volume of the bottle. 

(iii) The maximum speed at which a 2500-kg ‘automobile can 
travel around a curve of radius 1000 m if the road is level and coeffi- 
cient of friction between the tyres and the road is 0:25 is (g =10 ms?) 
(a) 50 ms-!, (b) 100 ms-!, (c) 30 ms}, (d) 70 ms. 

(iv) Assuming that there is sufficient friction to prevent skidding, 
the tendency to overturn if speed is doubled (a)is increased two- 
times, (b) is increased four-times, (c) remains unchanged, (d) 
decreased twice. 


(V) A pointtraversed quarter of a circle of radius A during 
the interval +, the modulus of the mean velocity is 


OF Ov, O05 vor 


(vi) A particle executes SHM of amplitude 5 cm and period 3s. 
The velocity of the particle at a distance 4 cm from the mean position 
(take r=3) is (a) 8 cm/s, (b) 12 cm/s, (c) 4 cm/s, (d) 6 cm/s. 

(vii) The time period of a mass suspended by a spring is T. If the 
Spring is cut into four equal parts and the mass is again suspended 
by one of the pieces, the period of vibration is now 


aye 4 T d) 27. 

QUO aa MC) 

. (Viii) A particle moves according to the law x=acoszt. The 
DU garci byitin25sis E 
8) 3a a, 5 y; 

(ix) FORO LAM oa from the axis of a turntable just 
flies off when the speed of rotation is o. The distance at which it will 
fly off when the speed is increased to 2% is 

(@) ‘5cm,  (b)6cm, (©) 75cm, (d) 75 E DANE 

x issaj ints of contact with a horizon 
line oe see ER RR vertical line. If the horizontal 
frequency is 400, the vertical frequency is 

(a) 300, (b) 240, (c) 6667, (d) 500. 

2. Explain the following with reasons : ‘ , 435=20 

(i) Which way is easier to stop a car within a given distance by 
applying brake or giving a circular turn ? : : 

(ii) Why a force is needed to keep a body move 1n a circle ? 

(iii) Why is the earth flattened along its axis ? ; 

(iv) The resultant of two simple harmonic motions at right angles 
and of the same frequency is always a circular motion. True or 
false ? Explain. 

(V) Centripetal force is a real force but centrifugal force is a 
Pseudo force. Explain. 


N 
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i =50 
Answer any five of the following : 5x10=5 


ical spring elongates 10 cm when subjected to a tension 
.of SNO d iss which should be attached to the bottom of 
the spring so that when pulled down and released the mass E. 
vibrate twice per second. Find also its maximum velocity when sug 
amplitude of vibration is 1 cm. (JEE 1979) 


4. In what minimum time after its motion begins will a particle 
oscillating according to the law x=7sinşzt move from the position 
of equilibrium to the position x= —7/2 units ? 


5. A liquid column is kept in a vertical U-tube of uniform cross- 
section. If the liquid column is depressed a little and left show that 


the resulting motion is an SHM and find its period in terms of the 
length of each column. és 1 


6. A mass 60 gm is attached to the lower end of a string 4 m long. 
It revolves along a circular path at a uniform rate in a borizontal 
plane at 3:2 m vertically below the point of attachment of the upper 
end of the string. Calculate the tension in the String and the time 
taken by the mass to describe one complete circle. (JEE 1981) 


7. A spring of force constant 19:6 N/m hangs vertically. A body 
of mass 0:2 kg is attached to the free end and released. Assume that 
the spring was unstretched. before the body is released and find how 
far below the initial position the body descends. Find also the 


frequency, amplitude and energy of the resulting simple harmonic 
motion. 


8. A small sphere of mass m is attached to a rubber cord and 
revolves in a horizontal frictionless plane with a’ constant frequency 
f. The unstretched length of the cord is l; The tension in the cord 
increases in direct proportion to its elongation, its tension per unit 
length being k. Find 

(a) radius of the uniform circular motion 

(b) the tension in the cord, 


9. A small ball is suspended from 


l. A nail is driven into the wall at a distance 7/2 below 4. The ball 
is drawn aside so that the thread takes i i 


then released. At what point in the ball’s trajectory, will the tension 
in the thread disappear ? 


Full marks 100 Your score...- 


Answers of Exercises 


24/2mv* . 
1. (a) Pals Paes (b) ma... 


2. (a) gv 1+3cos?9, T = 3/;gcose; (b) T=./3mg; (c) 54/79. 
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BSS 4. cost B — 5. f - mesing +”! 
cos OR fF mgsina- oe, 
6. T= 78. (cow 203, woken) where n= 
2s Ug JOE nies k 
e 20, ine MET 
NIE VU agb Ee emos 
O eh 11. Va V 58]; T 3mg. 
33 . n of? 
12. ne ansin t, f qur myndmhrs d 
mwr mars? 
v= 2r,sin 2| Tyr A Mata yg xg. 
Myr? Mera” 
13. /= & . usin8—cose 14. 3:16 m/s. 
o? ‘sinv(wcosd sind) - 
15. "mam E-H) i que met 17. T=nr°pv’. 
h 


38. T-89 N; - 31 m/s. 19. T=mg(3cos0 — 2cos0); 0) = 60°. 


Simple Harmonic Motion 


l. S=ma+-nasin («-5) where n is the number of quarter 


cycles in f; 5, E and 53°. 
Zn $ 
2. 59:5 cm. oe Ar 5. 59 N or 39N 
6. Tan /2! Me UNS e 8. ram, 1. 
n ks TAT yum 3g 
m 
9. T=2n oen 1i. Tmo, | 308. 
12, f=—= E 2mgcosa 13. f-x orm ; 
MR FMR U+ sina) © Grea? 
14. o= D m S IR ml 
m Et 15. SRS 16. T=2n F 
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Answers of Test Questions 


L1 (9 WO, G)@, GO, v) b) 
(vi) (B, — (vi) (à), — (vi) (B, — x) (c, Q) (b. 


2. See solutions, 3. 310 gm; 12:5 m/s. 4. 2:33 s. 

5. T 2n | ccena 7. "1 m; 1 joule. 
kh . Anhmf*kl, S : 1 

8. "Kcasmfi! -asmft 9. 42° above the horizontal. 


Solutions to Exercises 


1. Let us take the centre of the circle as the origin of the frame 
of reference and rightward direction as x-axis. 


> > = 
« F7 (average velocity vector) m «a where ais the accelera- 
tion vector. 


1y-axis redd 
| 


Up ! 4 Now <a> = TE where ‘i’? stands 
Uu E 
for initial and * f" for final. 
- z-axis Wes and y= —y "E 

vt 4 me e 
sa» A] 
Lu 
Fig. 5.53 IN ER 7 ES 


4 modulus of the force vector 
2 4my ni Amy \2 — 44/2my 
(Pedes 


—4V2mvo (s 2n 


2» — 


2/2my 
=v O T 


pj 24/2my? 
Ug ed cue 


(b) Here »-0 (given) 
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ES 4mv 
S «F = ‘ 
| <F> | =" 
dy : 
Now 97$ (a constant given) 
T/4 T 
Sb faf adt=ary 
0 
Ti 
or Ui 
Vary 
a 
TRIES EEA] =A y 8T mar, Ans. 


2. Let us take the line through the point of suspension as the 
Teference plane. 


(a) By ‘conservation of energy’ 

0 —mg( —1cos0)-- 3mv* J 
or `  2mglcosð® =m»? e (i). 
ar (centripetal acceleration) 


2 
= V = 2gcos0. 


Tangential force— mgsin = at 


2 a.—gsin0. 
-. a (total acceleration) M 
HV aè +a? —g/ 14-3cos?6. Ans. © 


a Fig. 5.54 
Centripetal force = T —mgcos0— m. j 


-. T=mgcos0+2mgcos®= 3mgcos0. Ans. 
(b) vy (vertical component of velocity) 
= ysind = /2glcos0 X sin 


NE ¥y2 = 2glcose(1 — cos?6) = 2g/(cos0 — cos?0). 
Differentiating, y dn —2gl( — sin8-- 3cos?0.sin0). 
Whe z - dvy _ 0 

n vy is maximum, At 


s. 3cos?0=1, or cos0— 
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-. When vertical component of velocity is maximum 


T —3mgcos0— 3mg. a —4/img. Ans. 


(c) Let a be the angle made by the total acceleration with the 
thread. Then : 
=4t _ gsing . tang 
fono 4, 2gcose 2 
When total acceleration is horizontal 
84-a — 90? 


or tan0 —tan(90 —0) — coto. 


i a = cote, or tan0—4/2—1:414 


0—54-79. Ans. 


3. Let the thread make angle a. 
no ‘centripetal acceleration’ but ther 
it is gsina. 


In the extreme position there is 
eis tangential acceleration and 


At the lowest position there is no tangential acceleration because 
there is no tangential force but there is centripetal acceleration and 
mU 
iidse 

1 


gsino = 


ti 
l 
By conservation of energy 


$mv!— mgl(1— cosa) 
Li 


or 7 =2a(1 — coso). 


“e gsina = 2g(1— cosa) 
Sina— 2(1— Cosa), or (sina—2)?— 4cos?q 
or Sin*a— 4sina— 4— 4.— 4sin2a, or Ssin?a—4sinu=0 
or sina=4=:8, or a=53°. Ans. 
4. Let N be normal reaction of the rod on the sleeve. 


The radius of the circle on which sleeve moves = Rsin0, 
Centripetal force — Nsin0— mo?*Rsino 


or 


or N=mo2R, 
As there is no vertical acceleration of the sleeve we must have 
mg-— Ncoso 


cee m 
i Te mo? R, 
cosé 


LESSON 5 _ 285 


cost- E OL $—cos1-2- . Ans, 
5. 'The forces acting on the cone : 
(i) mg, downward, 
(ii) N, normal reaction perp. to the surface of B. 
(iii) f, frictional force up the plane. 
The centre of mass of the cone moves in a circle of radius 7. 


Resolving all the forces along the horizontal we have, centripetal 
force on the cone 


= fcosa — Nsina = me*l. 
Since there is no motion of the cone at right. angles to the surface 


of B we have mgcosa= N. 
+, fcosa—mgcoso.sina = mo?l. 


or ys (mesi =) Ans. 


6. Consider an element of the chain. Let its length be A/ and 
subtend an angle 2a at the centre. 


2 
The mass of the element? z X2a= m ` 


The forces acting on the element : 


(i) weight : (= me y downwards, 


n 
(ii) reaction of the cone AN on the element at inclination 0, 
(iii) tensions Tand T tangential to the element in the plane of the 
ring. 
Taking resolved part of all towards 


the centre O, centripetal force 
= Tsino-E Tsina— ANcos0 


=2Ta— aoe 
a is small, sina a) 
-( me. yx 3 
" D 
As there is no vertical acceleration, «X 
A Nsin6 = m) Fig. 5.55 
2Ta— as .cos0=—"““ a? R 
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or 27 = 8 cote ME oR 
T T 
-—- TE (entes ^R. R 


oo dH K (eo. n ) Ans. 


7. The mass m rotates in a circle of radius l, which is the 
extended length of the Spring. 


Centripetal force on m= k(I— I) 
-mo?l 


or i-e where n= "o. 
1—n 
W (work done) = change in k.e. of m-tener: 
= 3m tk(1—1,)2 


=pmPot+3kI—h)? (^ v=o) 


gy stored in the spring 


mah? kn?],2 kl? mo? 
or W= er -aptig G=m alu | (0) e] 


. 2 
8. Fraaiar= centripetal force— oe 


Frangenttat =mMar,= may ( Vo dq-— 2) 


Here 


Differentiating, A —2a 2565. 
dt ma 
oF y dus? 2as y .. ds 
dt mc EI DE 
oe dv 2as 
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2 2 
Frigo mm | R= 2as 
m R 


Frangenttat = Sor =2as 


F (force on the particle) = 4/ Fraa.” +Ftang.? 


2 3 
or F=,/ AGS +-4a%s? = 2as 1455. Ans. 


9. By D'Alembert's principle we may assume that the sphere is 
moving with acceleration a to tbe right but it is stationary. In 
Place of its motion there is an additional force ma on m to the left, 
Forces acting on m are: (i) mg, downward, 

(ii) N, normal reaction, 
(iii) ma, inertia force (leftward). 

By ‘dynamics of circular motion” 


2 
mgcos8--masin0 — N= T E 


At the point of break-off N=0. 


2 
*. 8gcos0--asino— "— 
+asin R 
Or gRcos0--aRsin0—?*. EEG) 
Work done by gravity =mg(R— Rcos6) 
Work done by inertia force 
= —maRsin8 
Work done by N— 0. 
-. Net work done by external forces 
= mgR(1 — cos) — maRsin8. 
By work-energy theorem 
mgR(1—cos0) —maRsin0 = 3my* 
or 2gR(1— cos) — 2aRsind=y*. P) 
Eliminating a between (i) and (ii) . 
2g R(1 — cos) +2g Rcos0 = 3y? 
QD y= 2eR. 
Since we have considered the sphere to be at rést, v is here the 
relative velocity of m relative to the sphere. 


3 so Yv—4/igR. Ans. 
Putting the value of v in (i) we have 
gRcos0--aRsin0 = $2 R 


A 


Fig. 5.56 


or £cos0--asinü0— 3g, or cosd-- = sind = $ 
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or cos0-Lmsino—-2 where n— 
or 3cos0--3msin0—2, or (3nsin9)*— (2— 3cos0)* 
or 9n?sin20 = 4 — 12cos0--9cos?0 
OL 9n? — 9n?cos?0 = 4 — 12cos8+ 9cos?0 
or 9(1-2-12)cos*0 — 12cos0--4— 97? — 0 
124 VAR AX SQ End m) 
SA cose 2x9(14-n) 
2--n4/53-9n* 
o= ——HÓÁA— 
cos 30 br) 
*, @=cos-t 2-En/5--9n* . Ans. 
3(14-7?) 


10. Since the groove is smooth no work is done by friction. 
Let it break off at an angle 0 with the horizontal with speed v. 
By ‘dynamics of circular motion” 


m 2 2 
N-4-mgcos0— y" 2my 


hc 
At the point of break-off N —0 
mgcoso — 2?n* 
h 
or ghcosd = 2y? 451 (Ob 


By ‘energy conservation’ 


mgh= me( 4 +4 coxd cd? 
2gh- g(h4-hcos0)--v?, or gh(1—cos0)=v2 $a) (11): 
Combining (ii) and (i) v—4/igh and cos0—j. 


. Now ‘m’ becomes a projectile thrown at 9 with the horizontal 
with speed v. 


Fig, 5.57 


or 


The velocity at the highest point is entirely horizontal and the 
horizontal component of velocity remains unchanged, 


-. Velocity at highest point= horizontal c ; 
in the beginning omponent of velocity 


—Ycos9—&4/ igh. Ans. 
11. The effect is the same if the point is kept fixed ball 
is PIORCES horizontally in the opposite MEA PU 
point, 


T-mge m 


where y is the speed at the highest point, 


LESSON 5 - 


By ‘energy conservation’ at the highest point 
jmV? = mg(2) + imy* 


289 


where V is the required velocity 


or V2=4gl+y2 


CO T+mg= ls $ 


For just going in a vertical circle the string must not slacken at 


the highest point, that is, Tz0 


or ^ m^ 4gl) 
1 I 


^ Vinin= Vogl: Ans. 


2mg, or V?>5gl, or V2 5gl. 


Let T be the tension in the horizontal position. 


Then ra 

By ‘energy conservation’ in this position 
imy*4-mgl- imV?sin 

or ` y*-r2gl-5gl, or vi=3gl. 


ED T=m 38. =3mg. Ans. 


12. By conservation of energy 


™myg(ry — r,cosa) + mag (rz — rscosa) = $1,077," + 3mso?r;? 


Or 2g(1 —cosa)(myry-- mers) = (Mir? +E mara*)o* 


Apt. (mar; 4- mars) = (mari? + mars? )o* 


nur. 
or o= 2sin7- gx "px ant rare 2e 
mire H mr; 


x Mri + Maa 
^ v= 2r sins 
1 1 a [ex utm g% mim 


S amri E Mara 
Ya —2rssin— X — TT 
KE x E mni mang" 


13. The forces acting on the bead: (i) mg 
Normal reaction and (iii) uN up the rod. : 


C. Y. H. Phy.19 


Y*,—or, and va— ors) 


Ans. 


Ans, 


downward, (ii) W, 
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The radius of the circle in which m 
moves = /sing 
centripetal force= uNsin0— Ncoso 


= mo?Isino 
Or N(usin8— cos0)— mo°lsine .. (). 
Since there is no vertical acceleration 
= mg=uNcos0-+- Nsine B 
or mg = N(ucos0--sin0) os GD 
From (i) and (ii). eliminating N 
we have A 


nsinü—cos0 o?/sino 
HCOSO 4- sinü g 


in0— cose 
or [EB a SL Ans. 
o? Sin0(ucos0--sin ) 
14. Let us consider the first vert 


ical upward position of string 
when its tension is T. 


By ‘conservation of energy’ 
`“3mu?— mg], = amv? + mgl 

or u* — 2g], — y*4- 2gl. 

The relation of / and l is 


—-h-nr. 
S0 8 —2gl4- Y*--28(À — ar) 
= 4gly — 2nrg-1- y2, 
. From ‘dynamics of circular motion' 
(instantaneous centre of rotation is B) 


Brands =T qe- 4gh+2rrg)— mg. 


1n the tension in the first vertical 
3 Osition is zero, it wi i 
subsequent motion because ja i Sheree, not be ero if the 


msion will increase with of 
Speed. Therefore, for not Slackening i lbs wer have: 
minimum value o; u, ae in any position we have for 
or O=u?— 4g/,4 Inrg— g] 
or 


u*—4g[, —2nrg &-g(I, — nr) 


or u=V gl —3arg TVSDCIS- Bax VEG 
= V13-72—37 
73:16 m/s, Ans. 
15. The forces acting on m : (i) mg downward, 
š (ii) T tension 


- (ii) N, normal reaction, 
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Resolving along horizontal and vertical 


Tino (7 radius of the circle 
‘sine in which m moves 
= Ising) 
R-F-Tcos0— mg C~ there is no vertical 
acceleration). 
The condition for the ball to remain on the table is 
Rz0 
or mg 2 Tcoso 
: 2 ‘ inj 
or mg > D O80 M or ptg giin o 
/sin®@ cose 
Now sing VE and cose ed 
n-g 
2 s! PB 
E rose Di 
«t d All 
3.5 (2.4 
y h ( ) 
vna JZP) . Ans. 
mg (I2 — h?) 
2 h mgl 
T= mas op ese Ans. 
[sin?0 Ll Pah h 
[2 
16. For 4, we have T mol. 
For B, Tsin0 = mo;? sino 
or T= mos, 
and Tcosü—mg, (‘* there is no vertical 
acceleration of B) 
or mg 
cos T 
CO moygLh-T-mog, 
Sm eyh-osh, or h:l-oj:o Proved. 
Motion is possible so long T>mg 


(* cos® cannot be greater than 1) 
or mo; > mg 
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2] 
ais >g, 
on p o; +O" s 
Cede of z h o ) 
hb o?’ dh ejos 
of orto? 1 1 1 li 


or z +—><—. Proved. 
2 L4 


17. Consider an element sub- 


Teosa E F tending an angle 2a at the centre. 
T Tepsa Let T be the tension of the tube. 
«x Nas ™ Mass of water in the element 
| g { ^ z(nr?x2aR)xp 
| y | where p=density of water. ; 
Taina? O sina Centripetal force on the moving 


water= 27sina= 2Ta 


Fig. 5.60 (since sina=a) 


. 2Ta= (nr? 2a Rp a 
or T=nr*py*, Ans. 


18. From dynamics of circular motion 


my? 2 
T-mgcos=""-, or T= mgcoso- 


From conservation of energy, 


gmv*-- mg(l— Icos6) = }my,? 
where v, is the speed at the lowest position. 


& vo =2g](l— cosð). 


à T=1 x98cos60 1X2 98x -544—809 N. 


ae 


Ans. 
v= 4/2X9:8 x 1(1 — cos609) 23:1 m/s. Ans, 
19. From ‘conservation of energy" 
mg(l — Icose,) = 3my* 4- mg(I.— Icose) 
or 2gl(cos0 — cos®)= v2, TE @ 
From ‘dynamics of circular motion? 
T— mgcoso = 2. 
or T—mgcos0= T .2glcoso — cos®,) 
or T=3mgcosð—2mgcos®,= mg(3coso— 2co S0,). Ans. 
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Obviously tension is maximum when 0— 0°. 
S Tmax mg(3 — 2c056,). 
Here Tmaz=80g and m=40 kg 
80g = 40g (3 — 2cos0,) 
or cosy—í, or 89-609. Ans. 


Simple Harmonic Motion 

1. According to the law at (—0, x - 0, that is, the particle is ‘at 
the mean position. If: is exactly divisible by 2 that is, tone 
where n is an integer, the distance covered is na because in every 
quarter iA the particle describes a distance ‘a’. If fis not exactly 


divisible by T. ru then we can write t= "y T where t' is additional 
time less than T. 


The distance covered will be na plus the distance described in ¢’. 


_ Thus s= na-tasino( 1 =) 


=na +asin( ot - 2) 


where n is the number of quarter cycles in t. Ans. 


We have x= 3sinot + 4cosot. 
Put 3=acoss and 4-asiné. 
Squaring and adding, a=5. 
Dividing, tand= $. 
s. x= a(sinefcosó-- cosotsin) 
en x asin(ot 4-9) = 5sin(ot+tan™ $ 
= 5sin(ot + 53°). 


Thus, amplitude— 5, frequency and epoch— 539. Ans, 
T 
2. Here r=0, or T=2s; .. quarter cycle- — — 5 s, 


Now ae —5-r:4. That is, there are 5 quarter cycles and 4s 


additional is 
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* Distance described 2 10x 5-- 10sinz. x4 
j . =50+10x sin72° ! 
=50+10x'95 = 59:5cm. Ans. 


i 3. Let y be the volume of the hydrometer submerged. 
Then mg=vpg by law of floatation 
sac MD 


or m - yp. 
Let the hydrometer be depressed a little and then released. Let 
x be the additional length of the hydrometer stem submerged at the 
instant 7. 
Unbalaaced upward force on the hydrometer 
7 upthrust of water — gravitational pull 
— (v +rr?x pg — mg 
= veg + ni? xPg — vpg 
—nu?xpg. 
Force = mass x acceleration 


2 
—n'*xpg — mx oe C^ —nar?xpg ds the 
3 dt downward force) 


a 2 - 
or Econ Tn x. 
di? m 
è nrêpg 


T=2n =m 
mpg 
ccc Va 
(en r =2'5 s. Ans. 


4. Maximum acceleration = o?q. 


When the limiting frictional force equals the maximum force, 
the body begins to slide, 


^o @a=pg, or n-g24. 


5. There are three forces on B > (i) mg downward, 
: (ii) N, normal reaction. upward, 


(iii) f; force of the spring. 
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The force f is fluctuating both in magnitude and direction, When 
A is at its lowest position, Ais pressed against the surface by the 
spring and when A is at its highest position, A experiences upward 
force. Iff, is the amplitude of the force, then 
mjg4- mg =N x fo 
N2mgd4m;g F fo 


Now fa = mao? 
N-mg--m;g + mao? 
or N=Ig+4g+1X16x10?x 257 
or N=49+10=59N or 39N. Ans. 


' 6. In the equilibrium position normal reactions of the wheels are 

the same, Let each of them be N. 

Thea 2N=mg. 

Let the plank be displaced to the right and then released. The 
reactions of the wheels are no more equal, Let them be N, and Na. 

The corresponding frictional forces are kN, and kN, to the right 
and left respectively. 

Unbalanced force to the right= kN,—kNs 

=k(Nı— N3). 
If x is the displacement to the right then 
2 


f. d 
k(N4—N3— m^ se iG) 


As there is no vertical acceleration 
mg — Ni4- Ns. 
Considering rotational equilibrium of the plank about A 


Ne me(4--5) 


mx, 
; mxg 
and N-imi-—— 


ore M-N, =E 


Es di? 
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: 2k; 
"Here : l o= TE, 
I 
T=2n Zug 
Or T=r / e. Ans, 
^g 
7. Let 2/ be the length of the s 


pring m in the equilibrium. Let 
the mass be displ X to the right. Then leftward force - 
=kx+kx=2kx, 
7. Force to the right = —2kx, 


There are two accelerations of m : 


laced by 


One is the centripetal accelera- 
tion = o?x and the other is ae 


"12 ^ 
S -2kx- (a. ox) 


or max = —2kx +mo?x 
dx 2k 
* or xm» 2j — ot) 
dx 
Thus, E oc— 


x and the motion is simple harmonic. 


aA (# pum 


or 


T is imaginary when 2 


et oi Thus at frequencies o> JZ 
there will be no oscillations of the sleeve. 


m 
8. Let T be the tension of 


‘along the vertical and horizo 


each 


thread, Resolving the tensions 
ntal we have 


Tcósa-- Tcosa = mg 


(as there is no vertical acceleration) + 
or 2Tcosa = mg or T=1mg 
C 


cosa=1 when o small). 
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Restoring torque on the rod — Tsina x/^ where /' is the length of 
the rod, This is in the negative direction, that is, decreasing 
direction of 0. 

Torque (t) in the +-ve direction = —Tsinal’. 
*^ Torque - moment of inertia x angular acceleration, 
—Tsinal’ = (3, ml?) x rd 
$ dj 


or A J2Te (^ sina=a). 
From the figure AA’ =la 
and also ; as'=0x5 


n. E E PEE UA F ay 
Sh Un 7 mr ST (^ T=4mg) 


do 
di? 


Here, à) =% 


or T- fu Ans. 


9. Obviously the centre of mass 
of the ring moves in a circle of OA 
tadius (R—r). The forces acting on Dd 
the ring are : (i) mg, downward, l 
] 


Thus, 


cc —0 and motion is simple harmonic. 


(ii) N, normal reaction, k E 
(iii) F, force of friction. N. i X "€ 
Centripetal force — N — mgcos NUES 
=mo?(R—r). lt x 
Tangential force = F— mgsin ms kon 
=ma, where a.- tangential 9? mg D 
: acceleration « 
Fig. 5.61 


-D d iR p - (Rp? 
-3 49 r)-(R Dar 
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^s N=mgcos0 = mo*(R— r). "EO 
and F—mgsin0 = m(R— na - amo 


Let the ring rotate through o about its axis when position vector 
of its centre (that is, the line OC) describes angle 0 at O. 


Considering rotational motion about its axis we have 


t=—Fr 
S —Fr=(mr*) a (torque = m i. x ang. acc.) 
do 


or F--—mr E 
dt? 


Since the ring rolls without slipping 


r(0--9)— RO or g= 


d'o R—r d'O R—r do e dto -$) 


GE ort dace aT d? dt 
A F=-m yE do 
r de 
do v 
or | F--—m(R-r)9. T 
r m( 3, (iii) 


Combining (ii) and (iii) . 
É do eai. _ pdo 
—m(R— 1) —mgsind =m(R D 


or oe 


FOE Tes E 
d^ ^ XR-g e E 


ES ae cc —0 and hence motion is simple harmonic, 
2 2 
H 5) e NUI aa i 
xi (2) XR-r) 
or T- ön peer Ans 
g 


10. Let x be the instantaneous displacement (downward) of the 
suspended mass M. Then energy of the system is given by 


$My*-- kx? --k.e. of the Spring =a constant. 
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To calculate energy of the spring consider an element of it at a 
distance z from the upper end and thickness dz. 


Mass of the PE where / is the length of the spring. 


~x 


Displacement of the element = 


E del 2) oe dX y 
mum of the element 7 . a! ( 2 i s 


k.e. of the element = ia) 4 (3) 


k.e. of the spring =} a i} zidz— Įm»? 


Dno 


"^o $Mv84-3kx®+ 9j? —a constant. 


Differentiating, n Hat P E mdr 


dv ETEN us y KL 
or Mig terim 0 * ET € 


be (mag 
dy k 
av a LI X, 
°F a n 


Thus dv x and hence motion is simple harmonic, 
t 


LOT 
Here T M 
3 

mm 


3 
or r=24,/ ees Proved. 


‘x íq 
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Then force on ae Qa* i in the negative direction of x 
TE, 
SE ds E e in the positive direction 


4neg e dt? 
2 
or iur ceder QT 
di? Areo  a*m 
L.- SJ 
A => c -—xand hence motion is simple harmonic. 


ES =a Ans. 
d te x. ean 


14, The frequency of oscillation of ‘spring controlled pendulum’ 


depends only on the mass suspended (r- 2n my. 
T=2n r 


o (angular frequency) 2t = ue Ans. 
ma 


Let l be the natural length of the spring. In the equilibrium 
position. (that is, when there is no vibration) its length is 


Clot 28), 


dt? 
2r 
Here (z yea, ge: 


With (my +m), its length was (rem), 


^ amplitude of oscillation = (1,4 Mtag )- (i td Ju) 
Ext 
kt Ans. 
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.15. The forces acting -on 
the block are: (i) mg, down- | 


ward, (ii). N, normal reaction. Ol 
t (torque on the block) [EN 
= mg Rsin8 TE N 
in —ve direction of 0 | 
= —mgRsind | 


in 4-ve direction of 9. 
*" torque- m.i. X ang. acc., 


qa mg 

—mgRsinü- mR? x 2 Fig. 5.62 

d?o g 
or ~ =- 2g. 

dt? R P 
Thus i oc — 0 and hence the motion is simple harmonic. 

- 2 2 
H 28) =. Bt 
ere ( T R 

or T-2 JÈ. Ans. 


16. Since the system is free from external force along the hori- 


zontal, the acceleration of the centre of mass of the system is zero. 
am+a'M ; : : 
= ————, where a=acceleration 
"mn REM" oton 


a'= acceleration of M 
or am-c-a'M. 


The acceleraticn of m relative to M—a—(—a') 


1 am 
=a+a= = 
+ta'=a+ M 
—à( 14” Y, 
(4% 


17. Let x be the small down- 
ward displacement, unbalanced 
force on m= fsin0--fsin0 in the 

negative direction of x 
= —2fsin8 in the +-ve 
direction 

=—2f0 (v 0small) 


--3MT. 
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Now force = mass x acc. 


2fx ax 
n T dn 
dix. Of 
P: dà la 
Thus ax cc — x and hence the motion is simple harmonic. 
j 2 
Here 2) tof 
T. Im 
or Tes fH Ans. 
: 2f 


‘Solutions to Test Questions 
1. (i). (c). Here ar (tangential acceleration) - 3 m/s? 


and a, (centripetal acceleration) = a =4 m/s? 
A a-4Xajraj- VP 42 = 5 m/s?. 
(ii). (c). 


(iii). (a) Centripetalforce—frictional force; +, fp= ""* 
T 
But fr<fum where fum — limiting frictional force=p mg 


2 
my 
or Du xp mg 


Or a Negro Vmax =V ugr —4/:25x10x 1000 

y =50 m/s. 

(iv) (b), because tendency to overturn is proportional to the 
square of speed. 


(v). (b) n inital position vector) - Ri 
n" (final position vector) — ARI 


sisa RIRI, w pers pa VAR 
T 


t DE 


(vi). (d). voix c P ya -s-a.g m/s.. 
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(vii). (a). T=2n T The force constant is inversely 


proportional to the length. Hence force constant of each piece is 4k. 


"= ub 
T'—2n ar 


(vii). (b) . Here o=7; .. T=2s. In 25s there is only 


one quarter cycle, and one full cycle. 
* Distance = 4a--(a— acoszt) 


-4axa(1 —cos= ) =Sa. 


T'=T/2. 


2 
(ix). (C). | umg-—moe?r or o%r=a constant 
Jo 09x32(oxr 
or r='75.cm. 


Se _ ty 5 ui) "S ae 
(x). (b). Gi ic ty ^ Xfz z% 400=240. 
2. "Suppose d is the distance of the obstacle from the car, To 


e 


2 
give a circular motion a centripetal force of magnitude T is needed. 


To stop it within d directly, force needed is 


Ig sai! 1nd wwe 
=n =3—- Soy z 
ma mi 2-3 ( 2ad) 

So it is easier to stop it directly by applying brake, 

(ii) Because unless a force acts on the body directed inwards/ta 
body will move in a straight line according to Newton's first law^of 
. motion, d 

(iii) Because in the beginning the earth was a body of molten 
materials. Due to centrifugal force the molten mass was thrown 
away from the axis and so it was flattened along its axis. 

(iv) False. ‘The general motion is elliptical. A circle is a Parti- 
cular case of ellipse when its major axis is equal toits minor axis, 
` In general, motion is described by 
x?,y*. 2xy r 
JI = 7 Coss = sine: 
at Bs ap C058 = sins 

(for deduction of this see ‘Introductory Physics? P Er 
hármonic motion chapter). y art I, simple 

When a=b and 5=n/2, 

XHA, 
(v) We can account for the centripetal force that is, 
i F : > ; We.can sa 

what body in the environment exerts this force and SUC ise, a 


C. Y. H. PHY.-20 
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we cannot account for the centrifugal force and hence it is a 
«pseudo force’. 


3. We have5-kx'1 or k=50 N/m. ; 
3 ($ Force- kx in a spring) 


We:have for a ‘spring operated pendulum’ 


oy, [Palo hid 200 Bf 
T2» / 5 4$222 50 


Zh ESSO . 
or m=" 31 kg 
=310 gm. Ans. 


Vnax=a0=a. 2% — 01 x 28201 342—125 m/s= 1275 cm/s. 
.ÜRC z $ - 


4. According to the formula, the position of the particle is at the — | 
centre! ofothe! path. It, goes by 7 units to the right and then by 


another 7 units back to the initial position and then it goes to the 
negative side. by $ units for the first. time. 


So the minimum time. is.2x T plus the additional time (£) to cover 


I units on the negative side. 


NM 2n ? | 


Herd 9E dor = 
1 e 2 or T 2 or T 4 S. 
Ini 72X 4+t=2-+t. ' 
T san j 
Now Y Rai E Der i 
7 Tsin 5! | 
den f 1: sin309 — sin-7- 
5! sin30 sing 
Ls S | 
5! 6 or tars | 


tmin= 24-4 =2°33 s, Ans. | 


s. Let / be the length of each colum: Let:p: be: the. density of 
the liquid and A is the area of cro 3secti p e. de a 
mass of the liquid *214p*:5 = ss-section of the. tube. | 


Let one column be depressed by x. Thenthe other column will | 
zoup by x. So the level difference is^ 2x» -This corresponds f| 
pressure difference ‘2xpg’. j | 
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.. Force on the liquid mass 
=2xpgA in the negative direction of x 
= —2xpgA in the positive direction of x. 


n M NEU 


Thus ae ec-x and hence the motion is simple harmonic.’ 


or T= n/t. Ans. 
I4 


6. This is a problem on ‘conical pendulum’. 
Let 0 be the angle made by, the string with the vertical. 
Then cose = 3% ='8, or 0=37°. 
Radius of the circle of motion= y 431—323 —2:4 m. 
Resolving tension along the horizontal and vertical 
Tsin6— centripetal force =m o?r =-06 x o*x 2°4 
Tcos8—'06g (as there is no vertical acceleration) 
T x cos37? = ‘06g 


or Tx:8—:069 or T=-075g='075 kgf. Ans. 
: <. 075g x sin37° = "06 X o? x 2:4 
or :075gx^6—:06x0?x2:4 or @=1°75 rad/s. 
EPLET IT 
EI 6 s.. Ans. 


7. Let x be the distance by which it goes down. Taking the 
point of suspension as reference level we have from energy 


conservation 
0—mgl-ikx3-mg(l-x) where l= unstretched length of the 


spring 
2mg 
k 


—O2x02x98 
MEOS =02 m. 


or kx®?=2mgx or x= 
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In the equilibrium position, that is, if vibrations are stopped Tet 
the spring elongate by x,. Then kx»=mg 


b= M8001 m; 
or Xo k 01m; 
amplitude—-x—x,—:2—:1—'1 m. Ans. 
time period — 2r Aras | A s 
and frequency (jae 1:58 Hz. 
TE 6G:3 


U (energy) = ima?e?. 


—-1x 2x':]1*X E) 


—']joule. A 


63 
ns. 


8. (a) The radius of the uniform circular motion is obviously the 
length of the cord. Let it be 7. 


Centripetal force— ERE h) 


or l=- 2. Ans. 


(b) T (tension of the cord) = k(l — I) 


9. Let A be the poin 


sut 
o — 


Fig. 5.64 


T—mgcoso— 


=H te 2 
k—4mmf? ° 


— 4vmf*kl, 


k— 4z?mf? ` zn 


t of suspension and N be the position of 
the nail, Then 


AN- 1, 
2 


, From O' to O the trajectory is à 
circle of radius / and beyond O, it is à 


A 1 1 
circle of radius DA Let us consider two 


positions of the Uu jte i 
we have * ll. For position 


my? b s f 
py dynamics. of circular motion 
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and mg] = imy*--mg(I— Icos0), from enregy consideration 
or mgícos0— im? 
orc »*— 2glcos0. 


<. T=mgcos6+2mgcosé — 3mgcose. 
For none of the values of 0 from O to 7/2, cos0 is zero and so in 
the part O' to O, tension does not disappear. In the position 2 


T—mgoos0'=m x7 29 
oy 

and mgl= Im y? "eme(7 — den) E 
or cong -im y- mg- coso 
or 1 v? — gl(1---cos0) 

A T-—mgcoso— 2" ee cos) ‘J 
or T=2mg+3mgcos0. 
When. T=0, 2mg--3mgcos0— 0 
or cos0— —£ 
or cos(180? —0) = $ = cos48? 


2. 090—132? or 42? above the horizontal line. Ans, 
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Topics: Gravitation 
Simple Pendulum 
Elasticity 


6.1 Gravitation 
Newtons law of gravitation. 


Two point masses m, and mą, separated by a distance r attract 
each other with a force 


F=G Pam _ 


where G=6:67x 10-7" um Universal Constant of Gravitation- ' 
m. EF = m» This force between two masses 
—$—5»--—- «—9- acts equally on both masses, 
pesce pu though in opposite directions. It 
does not depend on the medium 
present between the two masses. 

@ Gravitational field : This is a region in space where any mase 
will experience a forcé. The gravitational field strength (g)at à 
pont is the force acting on unit mass placed at the point. It isa 
vector. 


Any mass sets upa gravitational field around it. The gravita- 


tional field strength at a distance r 
2 , from a point mass m is 
1 


g=-G", 
72 
The —ve sign emphasizes the fact that gravitational field is 


always attractive. 


9 Gravitational potential ; The gravitational potential (V) at a point 
is the work that has to be done to bring unit mass m ‘infinity to 
that point. Itisa scalar. The gravitionalpotential at a distance 7 
from a point mass m is 


yang”, 
r 


i The negative sign arises because in bringing the unit mass from» 
infinity, work is done by the system, so that its potential energy 
decreases. : 
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The potential ata point does not depend on the actual path " 
followed in bringing the unit mass from infinity. Thus, gravitational 
force is a conservative force: i c j to 9987 C 

Gravitational field (g) and potential (V) due to a` spherical "shelf 
and solid sphere : SU. z M 

Shell Sphere), 


T 
d 


E 


(ii) Inside 515 (ii) Inside 
g=0 ? M ` 
M f dpud 
V= -6Rx 
where R is the radius of the 
where R is the radius of sphere. 
the shell. 


in M * 
V=-G 3g GR — r2). 
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@ Escape Velocity. The minimum velocity to be imparted to a body 
on the surface of a planet, so that it is carried beyond the gravita- 
‘tional field of that planet is called the escape velocity of that planet. 
Obviously to carry the body beyond the gravitational field, that 
amount of energy is needed which is required to bring it from 
infinity up to the surface of the planet. This is exactly the potential 
energy of the body. Potential energy per unit mass: is equal to the 


potential of the field. So if m is the mass of the body and ve is the 
escape velocity, then 


4m y3=Vm= GUm 


where M is the mass of the planet and R is its radius. 


2GM 
or Ve= TB 
If g is the gravitational field intensity, then 
GMm 
TS Ri 
or GM —gR?. 


Note : This formula GM —gR?is of frequent use to find value 
of Gfrom g. Commit it to memory. 


Ve=/ 2gR. 


@Satellites and Orbital Speed (Yo). A satellite is 
revolving around a large body under the gravitational 
the latter, The force of gravitational 
necessary centripetal force so that the satellite may be in rotational 
equilibrium. The speed at which rotational equilibrium is attained 
is called the orbital Speed. Let it be vọ Then for rotational 
equilibrium we have ` 


a small body 
attraction of 
attraction provides the 


my,2 
Fattraction= - 


where r is the 


radius ofthe orbit, measured from the centre of 
the planet, 


1 2 
m cM m _ mvo 


or nry 
6.2 Pendulums 


The period of a simple pendulum for small oscillations is 


Tarn ft 
g 


— 
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where /=effective length of the pendulum = distance between point 
of suppoft and centre of gravity of bob, and g= acceleration due to 
gravity. 


The period of an oscillating spring y 


T=2n /™ 
k 


where k — force constant of the spring 
and m= mass attached to moving end of spring. 


6.3 Elasticity 

When a body is deformed, i.e,, either its length or volume or 
shape is changed, it is said to be ‘strained’, The strain may be of 
three types : 
change in length 


Longitudinal strain= original eneth 


change in volume 


Volume strain= — 
original volume 


Shear strain is the angle through which one edge of the body is 
deflected, when a force is applied perpendicular to that edge. 


Thus strain is a dimensionless quantity. When a body is 
strained, its elasticity creates forces of reaction inside it which tend 
to restore it to its original (unstrained) state. The force of reaction 
per unit area is called *'stress". Thus, ‘strain causes stress’. 
Stress has the same dimension as pressure. 


Hooke’s law and relation of stress and strain : 


stress (9). ., constant called modulus of elasticity. 
strain (e) 3 
That is, stress cc strain. 
It follows from this law that elongation is proportional to load. 


longitudinal stress 


Young’s modulus (Y)= Joupibidunl sran 


volume stress 


Bulk modulus (K)= volume strain’ 


shear stress 
shear strain 


Note. In case of gas or liquid, pressure is the ‘stress’ on the 
system. 


Rigidity or modulus of shear strain (n)— 
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Strain potential energy : 


Strain potential energy per unit volume —strain. P.E. density (uy 
— X stress x strain. 
. Work done by a force (F) in stretching a wire through 
AÍI-XXFX Al. ] 
Spring force and potential energy of a spring : 
Fipring — kx 
where x- change in length of the Spring, and k is a constant 


called ‘force constant’ of the Spring. It depends on the length, 
material and area of the spring. : 


AX 
Fspring— a 


l 


Where % is a constant depending on the material and area of 


the spring, called ‘modulus’ of the spring. 
Potential energy of a strained spring = ikx?. 


Note The absolute unit of stress is N/m?, It*is also called a 
pascal (Pa). A GPa (giza pascal) is 10°N/m?. 


Thermal expansion ‘or contraction of a wire or rod=/aA0 


Where /=original length, «-—coefücient of linear expansion and 
A0 — change in temperature. 


CRITICAL QUESTIONS 


1. If the force of gravity acts on all bodies in proportion to their 
EU why does not a heavy body fall faster than a rigid light 
ody ? F 
Ans. Though heavier bodies ar 
the acceleration produced in them 
light bodies. Let F be the forc 
the acceleration. Then 


€ acted upon by greater forces, 
isthesame as that produced in 
€ on any body of mass m and g be 


F=G a =mg or g- 8M, an expression independent of mass. 


Hence all bodies fall with the same rapidity Provided there is no 
air resistance. 


2. Does the Concentration of the carth's mass near its centre 
change the variation of g (acceleration due to gravity) with height 
from its surface ? 3 


Ans. No. The acceleration due to gravity, that is, gravitational 
intensity at points outside the surface may be calculated by assuming 
the mass to be concentrated at the centre of the sphere. Hence 
whether the earth were a homogeneous sphere or a concentrated 
mass system, the variation of g with height is the same. 
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_ 3. Why can.we learn more about the shape of the earth by study- 
ing the motion of an artificial satellite than by studying the motion 
of the moon ? 


- Ans. We can learn more about the shape of the earth by studying 
the motion of an artificial satellite than by studying -the motion of 
the moon because the motion of the satellite is. governed at all times 
by the value of g at its position. Since the moon is very far away. 
the variations of g near the surface of the earth are averaged out at 
the position of the moon. 


4. Oae clock is based on an oscillating spring, the other on the 
pendulum. Both are taken to Mars. Will they keep the same time 
there as they kept on Earth ? Will they agree with each other ? 
Explain. 

. Ans. The spring-operated clock will keep the same time but the 
pendulum clock will not keep the correct timeasg on Mars is diffe- 
rent from g on Earth. They will not agree. 


5. The gravitational force exerted by the Sun on the Moon is 
almost twice as great as the gravitational force exerted by the Earth. 
on the Moon. Why then doesn’t the Moon escape from the Earth ? 


Ans. Because of rotational equilibrium of the moon round the 
earth and also that of the earth - moon system round the sun. The 
attractive force on the moon due to earth provides necessary centripe- 
tal force for rotational motion of the moon round the earth and the 
attractive force on the moon due to the sun provides necessary cen- 
tripetal force for rotational motion of the moon round the sun. 


6. Would you expect the total energy of solar system to be cons- 
tant? The total angular momentum? Explain. , 

Aus. Yes. The gravitational forces are conservative. When a 
system is under the action of conservative forces, its total energy 
(kinetic + potential) is a constant and hence energy ofthe solar system 
is a constant. The gravitational forces on planets of the solar system 
are central forces directed to the sun and hence moment of forces 
about the sun is zero. Thus no torque acts on the planets and so 
angular momentum is a constant. 


7. Objects at rest on the earth's surface move in circular paths 
with a period of 24 hours. Are they in ‘orbit’ inthe sense that an 
earth satellite is in orbit ? Explain. 


Ans. No, they are not in *orbit in the sense that an artificial 
satellite is, because the whole of the gravitational pull on the arti- 
ficial satellites provides the necessary. centripetal force but for objects 
at rest on the earth whole of their gravitational pull (i e. their weights) 
does not provide the necessary centripetal force; only a small fraction 
provides the necessary centripetal force. In short, bodies in ‘orbit’ 
are weightless but bodies on the earth at rest are not weightless, 


8. The sun’s tide-raising power is only half as great as that of 
moon’s. The direct pull of the sun on the earth, however, is ree 
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175 times that of the moon, Why is it then that the moon causes 
7 arger tides ? 2 MEME 
a As The tide-raising power of a body (sun or moon) is deter- 
‘mined by the ‘difference in gravitational attraction’ between the far 
and near sides water, not by the total pull The tide producing 
force varies inversely as the cube of the distance. Thus the relatively 
short distance separating the earth and the moon makes the moon's 
tide-raising force more than double that of the distant sun. 


. . 9. Does a rocket really need the escape velocity from the very 
beginning to escape from the earth ? 
, Aus. No. What is actually needed is the supply of total amount 


of energy required to take it beyond the gravitational field of 
the earth. 


10. Can a satellite move in a stable orbitina plane not passing 
„through the earth’s centre ? Explain. 


Ans. No. For stability of rotational motion there should not be 
any torque of the force acting on itabout the centre of the orbit. 
When the orbit does not lie in a plane passing through the centre, 
its gravitational pull will have moment (torque) about the centre. of 
the orbit and so it cannot be in stable orbit. 


11. The total energy of the earth+-sun System is negative. How 
do you interpret the negative energy ofa system ? 


Ans. The meaning of the total energy being negative is that the 
System (sun--earth) is a closed one, the earth always being bound to 
the attracting solar centre and never escaping from it. 


..12. As measured by an observer on earth would there be any 
difference in the periods of two satellites, each in a circular orbit 


near the earth in an equatotial plane, but one moving eastward and 
the other westward ? 


Ans. The westward Satellite will appear to have shorter period 
than the eastward satellite, Owing to the rotation of the earth itself 
from west to east. 


13. An artificial satellite in the presence of frictional forces wil] 
move into an orbit closer to the ear 


J th and may have increased kinetic 
energy. Explain this. 


Ans. We have E (total energy)=4 may (GM ) where m is 
= 


pest of the satellite, M= mass of the earth and r=radins of the 
orbit. 


By ‘dynamics’ of circular Motion 


GMm _ my? or y GM 
LZ r T 


Or E=-} om or —3 my 
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<. £; (initial energy = -5M and E; (final energy) — -y68M. 
0 adi 


-By ‘energy conservation’ principle 
E;=E;+W (work done by frictional force) 


CM GM iy 
To r 
or 4 GM (E AE W (a positive quantity) 
0 
Bo ER orr<7ro. 
T. To 
Also —Kj=—-K+W 
or K—K)=W (a positive quantity) 
K>Ko. 


14. If a planet of given density were made larger, its force of 
attraction for an object on its surface would increase because of the 
planet’s greater mass but would decrease because of the greater 
distance from the object to the centre of the planet. Which effect 
predominates ? 

Ans. Mass-effect dominates over the distance-effect [Mass cc R?, 


; 1 
force of attraction ec ij 


15. A stone is dropped along the centre of a deep vertical mine 
shaft. Assume no air resistance but consider earth’s rotation. Will 
the stone continue along the centre of the shaft? If not, describe 
the motion. 

Ans. Due to rotation of the earth from west to east the stone is 
deviated slightly to the east. 


16. Two air bubbles with radius r are present in water. Are these 
bubbles attracted or repelled ? M 

Ans. The two bubbles attract each other. A body immersed in 
an extended denser medium behaves like a negative mass so far 
gravitational attraction is concerned. .The two bubbles, therefore 
behave like two neagative masses, each of absolute value equal to the 
mass of. equal volume of water. So by the law gravitation 


RAS ^ — 
F =G? we have F =—G (om) — my) ^ 
= r? 7 
mm, ^ 
r2 
The negative force of interaction means force of attraction; 
è 


=-6¢ 
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17. Two satellites move along a circular orbit in the same direc- 
tion at a small distance from each other. A container has to be 
thrown from the first satellite onto the second one. When will the 
container reach the second satellite earlier : if it is thrown in the 
direction of motion of the first satellite or in the opposite direction? 
The velocity of container is smallin comparison to that of the 
satellite. 

Ans, if the container is thrown in the direction opposite to the 
motion of the satellite, it will begin to move along an ellipse 1 lying 
inside the circular orbit of the satellites. The period of revolution 
will be slightly less than that of satellites. Therefore, they can meet at 
the point of contact of the orbits (circular orbit of satellite and the 
elliptical orbit of the container) only after 
agreat number of revolutions. On the 
other hand if the'container is thrown in 
the direction of the satellite, the container 
begins to move along an ellipse 2. The 
velocity u should be such that during one 
revolution of the container, satellite B 
also makes one revolution and in addition 
covers the distance 4B. So the container 
should be thrown in the direction of the 
first satellite, 


18. When a train moves from west to east at high speed does its 
weight increase or decrease ? 

Ans. The weight decreases. See Example 2. 

19. Why is there ‘weightlessness’ in a satellite ? 

Ans. The feeling of weight arises from the reaction of the ground 
onaman. in an orbiting satellite, the astronaut and the floor of the 
satellite both have the same acceleration (the centripetal acceleration 
towards the earth). Hence the floor of the satellite offers no reaction 
to the astronaut and he feels weightless. 


20. Is the velocity of escape of a particle at rest on the surface of 


the earth the same as that of a particle just orbiting round the earth ? 
Explain. : 


Ans. No, the velocity of escape 
take it from’ the’ present conditio 
difference between energy on the s 
For a particle at rest 


arises from the energy required to 
n to infinity, This is equal to the 
urface of the earth and infinity- 


G 
imyi- 2a (only potèntial energy) 


v= /2GM 
R 
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For a particle in circular motion 
GM 


1 E (energy) - — ni myo. 
But ua Gwm , from dynamics of circular motion. 
AY sum, 
g mya cy Gn ; 
or Ve= a, 3 


21. Two metal blocks are shaped such that 4 can 
fit into B. When A is placed on B, the spring ^S is 
compressed. . The system is now allowed to fall 
freely under gravity. It is found that 4 and B 
separate during the fall. Explain. 

Ans. Bodies falling freely under gravity are in a 
state. of weightlessness. In this state, the com- 
pressed spring will separate A and B. 


Simple Pendulum 


1. Can we actually construct a simple pendulum ? 

Aus. No. Because. the conditions imposed on. a simple pendulum 
such as weightless string, perfectly flexible, inextensible string and 
perfectly rigid support can never be realised in practice. 


2. Could. standards of .mass, length and time be based on 
properties of a pendulum ?. Explain. 


Ans. No. Because time period of a pendulum varies from place 
to place. Anything which is not fixed cannot be used as a standard 
Even if the period and length of a pendulum at a given place can 
perhaps be used as standard of time length respectively, its mass 
cannot be used as standard of mass because any’ mass suspended 
will have the same period. —. ' d : 


3., How. is the period (of: a, simple pendulum affected when its 
point of suspension is moved. horizontally with acceleration ‘a’ ? 
Ans. The period of pendulum is decreased. The exact e. i 
! : x 
a pression 


I ^ i 
J2£ E i i; 
- $ oe For deduction see Introductory Physics 
Part I, Chapter 10. 
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4. A pendulum is mounted on a cart rolling down a smooth 
inclined plane. In what way will the pendulum rest with respect to 
an observer in the cart and what will be its time period ? 

Aus. The pendulum will lie perpendicular to the floor of the 
cart relative to an observer in the cart. The period of the pendulum 
is given by the formula given in Ex, 2. 


5. A hollow sphere, filled with water, has a small hole in it. It 
is hung by a long thread and, as water slowly flows out of the hole 
at the bottom, one finds that the period of oscillation first increases 
and then decreases. Explain. 

Ans. The centre of gravity goes below the centre of the sphere 
as water flows out. This causes increase in the length of the 
pendulum and so its period increases. When all the water flows 
out, the centre of gravity of the hollow sphere again comes back to 
the centre of the sphere and sô the effective length of the pendulum `- 
decreases and consequently its period also decreases. 


6. Is the time period of a simple pendulum of infinite length 
infinite ? If not, what is the.upper limit ? 

Ans. The time period of a simple pendulum ofinfinite length is 
not infinite but has a moderate value determined by the radius of 
the earth and acceleration due to gravity. Its value is 84:3 min 
(See Example 1). 


7. A big hollow sphere has a large cavity off the centre of the 
sphere, almost touching its surface internally. It is sealed from 
all sides and looks identical in all positions. Can you find the 
point where the cavity touches the sphere by using it as the bob of 
a pendulum ? 


Ans. Yes. The point about whi 
with this hollowed sphere as bob h 
required point. 


ch the simple pendulum set up 
as minimum time period is the 


8. A pendulum is constructed by suspending a thin-walled sphere 
filled with water by a rigid light rod. Willthe time period change 
if the water in the sphere freezes? The viscosity of water and the 
change in volume on freezing are negligible. 

Ans. Yes. The time period will increase, 
State moves translationwise and so the System fo 


A compound 5 -ompound pendulum 
will fs pendulum has greater time period. So the period 
Elasticity 


1. Stress and pressure are b 


: oth forces i i 
what respect stress differs from pressure ? aped ME LU. 
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Ans. Pressure is the external force per unit area but’ stress is the 


internal force that is called into play from within a strained body 
per unit transverse area of it. 


2. Is elastic limit a property of the material of the wire ? . 
Ans. No. It depends on the radius of the wire as well. 


3. Which is more elastic, steel or rubber ? " 


Ans, Steel. Elasticity is measured by the stress per unit strain. 


Forthe same amount of strain, much greater stress is produced in 
steel than in rubber. 


4. Which one has got greater force constant—steel wire or a 
«ubber wire of the same length and radius ? 


Ans. The steel wire has got greater force constant. 


5. There are two springs of the same material and length but 
area of cross-section of one is double that of the other. Which one 
will have greater force constant ? 


Ans. The one having greater area will have less force constant. 


6. Among solids, liquids and gases which one can have all the 
modulii of elasticity ? 


Ans. Only solids. Liquids and gases have only bulk modulus. 


7. Among solids, liquids and gases which one possesses greatest 
bulk modulus ? 


Ans. Solids. 


. 8. In the dermination of Young's modulus of the material of 
wire by Vernier method two long wires of the same material are 
suspended from a rigid support. Explain, why ? 

Ans. The lengths are kept large so that elongation may be 
sufficiently large to be accurately measured. Because of large lengths 
the change in length due to temperature fluctuations will not be 
negligible. Hence two wires are used so that thermal expansion for 


both. may be the same and this may not be mixed up with the 
elastic expansion. 


9. A copper plateis soldered to two steel plates. All the plates 
have the same cross-section. Will tensions be same in all the plates 
if the system is uniformly heated ? 


Aus No. Sincecopper expands more than steel, increase of 
temperature will lead to compression of the copper plate and 
tension in the steel ones. If T is the mutual force exerted by copper 
plate on the adjoining steel plate, then tension of each plate will 
be T but tension in copper plate will be 2T because it is acted spony 
both steel plates from the two sides. Thus tension in ee tae 
is double the tension in the either steel plate. plate 


10. Why are boilers shaped spherical or cylindrical ? 


Ans. A spherical boiler can withstand greate : 
of any other shape. See mathematical USE A Ee than boiler 


C. Y. H. PHY.-21 
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11. Why is the surface of a liquid in earth’s gravitational field 
always horizontal ? 


Ans. A liquid cannot sustain shearing stress and so its surface , 
alwayslies perpendicular to the force to which it is subjected. 
Remember shearing force parallel to a liquid surface is always 
zero. A liquid is subjected to a vertical force in the earth's gravita- 
tional field and so its surface is always horizontal. 


12. When a steam boiler explodes there is excessive damage 
but when a cylinder filled with water and pressed to the same 


pressure as that of steam explodes, no serious damage is caused. 
Why ? 


Ans. This is due to very high compressibility of steam. When 
a boiler explodes steam tends to gain its original volume violently 
because of its high compressibility and so heavy damage is caused 
by it. But water is almost incompressible ard so when its container 
explodes, nothing serious happens. 


OBJECTIVE QUESTIONS 


Gravitation 


1. The height at which the acceleration due to gravity would be 
reduced to a value one-fourth of that at the surface of the earth is 

(a) $R, (b) 3R, (c) IR, (d) R. 

Ans. (d). We have GM — gR?— g'(R-I-hy.. 

Here g'—g[4 v. gR*-g|A(R--h) or R=4(R+h) or h=R- 


2. The horizontal speed with which a satellite must be projected 
at 316km above the surface of the earth so that it will have 8 
Circular orbit about the earth (R — 6400 km, g= 10 ms-2) is 


(a) 7500 m/s, (b) 7800 m/s, (c) 8000 m/s, (d) 3200 m/s. 
Ans. (b). We have mw? GMm 


(RFA) (R+h)? 


SL Yo? = XI C^ GM-gR?) 


1 


=eR(14) =e R- C^ h< «R) 


Jo— Vs (Rh) = V 10x (6400— 316) x 10? = 1024/6084 
= 10° x 78 —7800 m/s. 


3. The velocity of esc b 
(R=6400 km and g=10 ms) mom the surface of the eart 


(c) 82 kmjs, (d) 4/2 kj (2)5km/s, (b) 84/3 km/s, 
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Ans. (c). dmv2= gm. DER mgR 


V.—4/ 2gR — 4/2x 10x 6400 x 105 = 84/2 x 10? m/s 
—84/2 km/s. 


. 4. The ratio of the energy required to raise a satellite up to a 
height h above the earth to the one required to put itin orbit there 
is (a) h: R, (b) R:h, (c) 2h: R, (d) R:2h. 

Ans. (c). Work done (W) to take it to height k= energy (£3) 
required — change in potential energy 
={ {Guy ay Gum )- cu MH Sd 
( m) (es "RREA 
h mgh 
2 pis D 
R (1+ E ) ( tz ) 


E,—energy required to put in orbit — 3mvo* 
(because energy of a body in orbit is 37v,?) 
a 2 R 
myo? GMM gR EDS 
Reh (Rene 709 ORR mm 


E,=4m. sk A 
epa og qm ya SV 
145 (1+7) 


5. The angular velocity of the earth about its axis (take a day 
to be of 24 hours duration on average) is 

(a) 7:27 10-5 rad/s, (b) 60:x10-* rad/s, (c) 42x10-* rad/s, 
(d) 7:17 x 10-7 rad/s. 

Ans. (a). 

Note. The angular veloc: 
and its value is required in many 


6. The potential energy of the gravitational interaction between 
two point masses 7 and Ma located r distance from each other is 


ity of the earth about its axis is a, constant 
problems. Commit it to memory, 


mm. _ gm2 Gime mi- ms 
@) 67755, (b -6—— (c) G> (8) ETE » 


Ans, (b). 
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7. A spaceship is launched into a circular orbit close to the 
earth’s surface. The additional velocity to be imparted to the 
spaceship to drive it out of gravitational field is 


(a) gR(/2-1, (©) VeR(V2-1), ©) v?gR, (D VER 
where R is the radius of the earth and g=acceleration due to 
gravity. 


Ans. (b). We have ve (escape yelocity)=/2gR and vo (orbital 
velocity) - A/gR. Therefore, the additional velocity required is the 
difference of the two, that is, A/7gR—V/gR- VER (/2—-D- 

8. A satellite of mass 200 kg revolves around a planet of mass 
5x 10% kg in a circular orbit 6°6 x 109m. The binding energy of the 
satellite (G =6°6 x 1073) is 

(a) +5103, (b) —105 J, (c) +5x10" J, (d) —5x 10355 J. 

Ans. (d). U» (binding energy) 


GMm 


-—imy or — 


046 6x 10-2 x 5 x 10% x 200 
= a SSS a x 1015 J. 
PTS 66x 1075 DE 

9. If the radius of the earth were to shrink by one per cent its 
mass remaining the same, the acceleration due to gravity on the 
earth's surface would (a) decrease, (b) increase, (c) remain 


unchanged. (I. I. T. 1981) 
Ans. (b). We have GM = gR*. -. gR?-a constant. 
bo goc RE 


10. If ve is velocity of esca i 
pe of a particle at rest on the surface 
SRM VS and V, that of a particle in circular motion round the 
e DES (b) ve=2Ve, (c) vem /2Ve, (d) Ve=V2Ve- 


Pendulum 


1. i i 
The time period of a pendulum of length 1 m at a place where 


=10 33 
4 nsu (take m=10) (a) 15s, (3s, (02s (d) 1s 


is (ie i S ORG! Yom denm ataplace where g —10 m/s" 
P , m, (c) 09 m, (d) 05m. 


3. The period of a simple pendulum of infinite length is 


(a) infinite, (b) zero, (c) sam a f 
satellite just above the earth’s Surf @ EE POTE of a 


= 


ke 
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Ans. (c), See Example 1. 

4. A simple pendulum hangs from the an elevator cabin. If 
thecabin moves up with uniform acceleration ‘a’, the period, of 
oscillation of the pendulum compares to the period when the cabin 


is at rest as (a) Ve: v4, (b) vga: ^ 8, (0 gia. 
(d) Vg: gta. 
Ans. (d). When at rest, T—25 s When there is uniform 
E 


upward acceleration, the effective acceleration is gta. 


T'=2 | RE, 
gra 
TTE ERU 
T gta 


5. A simple pendulum gains 4 seconds per minute at a piace 


but loses 12 seconds per minute at another place. The acceleration 
due to gravity at the first place compares to that of the second place 
as (a) 3:4, (b) 4:3, (c) 16:9, (d) 9: 16. 
A my OE 60 or fl 
Ans. (c). 2x og = 2" fa and 2X «5 = 


64 mn £s 


one side. (a) The bob remains stationary, 
Continuously about the point of suspensio] 
imparted to it by the man, (c) it oscillates wit 
(d) it vibrates very rapidly. 

Aus. (b). Since there is *weightlessness' in the sky laboratory, 
there will be no restoring force on the bob. In the absence of any 
Testoring force, the bob will rotate with the velocity imparted to it 
due to inertia. 
Elasticity 

1. A wire 2 m long, ‘05 cm? in cross-section, when stretched by a 
weight of 2 kg increases in length by 04mm. The Young’s modulus | 
of the material of the wire is (g=10 ms) | 

(a) 20x 10° N/m?, (b) 20 x 101? N/m*, (c) 20x 10% N/m’, 
(d) 2x 109 N/m?. 

Ans. (b). 

2. In the above example the work done in stretching the wire is 

(à) 210-37, (5) 3X10-* T, © (9 4x10 3, (0 5x10*3. 
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Ans. (c. W=4xFx Al=4x2x10x (04x 1073) =4x 10-9 J. 
3. If P is the density of the material of a wire and c is the 


breaking stress, the greatest length of the wire that can hang freely 
without breaking is 


o z5 Op © O d 


Ans. (a). stress= Weights ding = lpg 
area 


ae c-leg or 1-9. 
Pg 


4. When the load ona wire is increased slowly from 2 kg to 
4 kg the elongation increases from 0:6 mm to 1:0 mm. The work 
done during this extension of the wire is (z— 10 m/s?) is 

(a) 14x 10-9 J, (b) 4x10-3J, (c) 8x80-2J, (d) 10-37. 

Ans. (a). W=(3F, x Al)—( Fix Ah) 

=(4x4x 10x 1:0 x 10-3)-(4x 2 10 x 6 x 1072) 
= 20x 103-6 x10-3= 14x 107? J. 

5. A steel wire of length 1 m and density 8000 kg/m? is suspended 
from the ceiling by one of its ends. If Y—2x101 N/m?, the 
elongation of the wire under its own weight (g— 10 m/s?) is 

(a) 10-? m, (b) 1x 10-9 m, (c) 2x10-9 m, (d) 1x10-9 m. 

Ans. (c). See Ex. 3, 


6. A vessel containing water is given a constant acceleration ‘a’ 


to the right, along a horizontal path. Which one of the diagrams 
Tepresents the surface of the liquid ? (IT 1981) 


Ans. Let us consider an element Am of the liquid at the surface. 
The forces to which Am is subjected 
are: (i) Amg downwards and (ii) Ama 
the ‘inertia force’ to the left. The 

: resultant of these two forces is 
Amy a*+¢%, at inclination tant ajg to 
the vertical to the left of it. Since 


shearing stress along the surface has to 
Shown in the figure. 


be zero, the surface lies as 
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EXAMPLES 
“Gravitation 
1. Two masses M, and M; at infinite distance between them and 


initially at rest, start interacting gravitationally. Find their velocity 
of approach when they are at a distance s apart. 


Sol. Since they move under their mutual attraction and no 


external force acts on them, their momentum and energy are 
conserved. 


0—3Mv?--3MsY? — GM:M: (it is zero because in the 
" s 
beginning both kinetic energy and potential energy are zero) 
0= Mv, + Moo. 
; : 2GM,* 
Solving the equations we have w= MM 


_ 2G6My 
a e — s(Mi--My) 


V (velocity of approach) =v1—(— V2) —Yy ys 
M2) 
- 26053 3|. Ans. 
E 


*2, Calculate the apparent weight of a body of mass mata 
latitude » when it is ETE with speed » on the surface of the earth 


from west to east at the same latitude. 

. Sol. The apparent weight (W) of a body on the surface 
is the ‘vector difference! between the true weight mg and the centri- 
petal force. Ata latitude À the body moves in a circle of radius 
Rzos with angular speed o equal to that of the earth about its axis. 
The modulus of the ‘vector difference’ of this force and mg 
(towards the centre) is the apparent weight. Remembering that the 

angle between these two forces is ^, We have 

W2 = m?g?+ (mo?Rcosh)?— 2g (mo*Rcosh)cosh 

P6 (Formula : R?=P?+ Q?--2POcos0) 
— mig? — 2m?go? Rcos?* C7 me! R*cos?. is very small on 
account of fourth power of o) 


sRcostk* 
W= mel 1-22 | 


= me| | E pue) = mg —mo*Rcos^. 
g 
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f-Rcos\ This is the apparent weight if 
mo?Rcosd the body were at rest relative to 

! the earth. Let us denote it by Wo. 

ES W,-—ing —mo*Rcos?. 
When the body moves with speed’ 
y from west to east the angular 


L^ 


My 
speed becomes (ee Ron) 


W-mg- y Rcos? 
ge ne 2 xoi) 


Rus on) Rcos*a (neglecting smaller terms) 


or Bema .e*Rcos?i  2vo cosh |. 
g g 


Note. This is the most general expression for the apparent weight 
of any body pl 


aced anywhere on the surface of the earth. 
*3. A 


j satellite moving in circular equatorial orbit of radius 
R=2x 10! km Tom west to east appears over a certain point at the 
equator every t= 11-6 hours. Using these data, calculate the mass 
of the earth. The value of G— 6:67 x 10-4 SI units and-R =6400 km. 


Sol. Let orar, be the angular velocity of the earth and apparent 
be the apparent angular velocity of the satellite relative to 
observers on the earth at the equator.- If o be its absolute angular 


velocity, then we have from the fact the relative velocity is the 
vector difference, 


apparent = © — Dearth 


on O= Wapparent + Wearth 


DI C 2e ee lere t=apparent period of the 
TERN satellite 


T=real period ofthe earth.. 
From dynamics of circular motion 


SMM = moiR or GM=a?R* 


or MIR). 48R9 71 1 A 
G xe (m) 


4x n*x 64? x 1015 1 d 
& M- + l 
6:67 x 10-2 ( 11:6x3600 ' 24x 3600) 
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667 x 36? 1r6'24) | 667x36€ 
—6:0x 102 kg. Ans. 


3 eem ( Due to Agix 6:48x "1323 


4. Calculate the self gravitational potential energy of matter 
forming (a) a thin uniform shell of mass M and radius R, (b) a: 
uniform sphere of mass m and radius R. 

Sol. In the process of formation of a body work has to be done 
by an external agent bit by bit to build up the body. This energy of 
external agent is stored as gravitational energy. This is called the self 
gravitational potential energy OT gravitational energy of mutual 
gravitational interaction. 

(b) Consider a sphere of any radius x. 


Mass of the sphere= rac? where P= density of mass. 


Gravitation potential of the surface —G.——— = re 26h 


This is also the work done in adding unit mass to the sphere by 
the external agent. When the thickness is increased by dx, mass 


added by the agent (4nx°dx?). 


Work done by the agent in increasing the surface from: 


x to x--dx 
- ( —“8Gpx*\ anotdi) 
=- 16r? Gprxidx. 
3 
6r GP? (* 
A Total work done by the agent— MSc. xidx 
0 
oL 16n*GPPRS, 
15 
m__ 3m 
Now p= án me am 
3 


l6: R*G 9m? 3 Gm 


U (self energy) = — ESTE TAA 1dósR* 5 R 


hen mass 7n has already been piled up by 


(b) Consider the shell w 
the agent. 
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Then potential of the shell= em, 


R 


This is also the work done by the agent in adding further unit 
mass to the shell. Therefore, the elementary work done in adding 


further an elementary mass dmis — L am, 


E Net work done by the agent in piling the entire mass 


__("Gmdm | Gm? 
| R 2R 


0 


za U (self potential energy)— =o. 
5. Calculate the radius of the circular orbit of a stationary 
satellite which remains motionless with respect to the earth's surface. 


Also calculate its height above the surface of the earth. Radius of 


the earth (R)=6400 km and g (acceleration due to gravity) 
=9'8 m/s?. 


Sol. A satellite will appear motionless when its period of revolu- 


tion is the same as that of the earth, that is, T—24 hours. Let r be 


the radius of the orbit from the centre of the earth. Then from 
dynamics of circular motion’ 


2 
mo?r= CMM or, (7) EGMA 


r? 


1 1 
_/ GMT*\3 RT? NË 
or Te fE: HO — RS 
(SEY CBY oe erum 
L4 98x 6-42 x 1012x 864002 \? 
4r? ) 


9:8x:6:43 8- i P 
2 X64: x 8:642 NT. 0r 


4x? x10 


1 
à —(5)* x107=4:2x 107 2 42 x 108 m. Ans. 
fi (height above the earth) =r—R =42x 109— 64: 10° 


SE —35:6x 10m. Ans. 

- Two satellites 4 and B of equal mass move in the equatorial 

plaae of earth, close to the earth's A ee Satellite A p. in the 

same direction as that of the rotation of the earth while satellite B 

moves in the opposite direction. Calculate the ratio of the kinetic 

energy of B to that of A in the reference frame fixed to the earth. 
(g—9'8 m/s? and radius of the earth — 6:37 x 109 m) 


LESSON 6 331 


Sol. Let o, and os be the absolute angular speeds of A and B. 
Since they are in the same orbits their time periods must be the 
same, that is, o,— os. Considering ‘dynamics of circular motion' 
of either we have i 


GMm 
R? 


mop R= 


OF oR == (7^ 6M=gR*) 


or a= $= Op 


—0.-— ] 9:8 4-24 10-8 = 124 x 1075 rad/s. 
a= OB T / 
à; — 7 x 10-5 rad/s. | 
Now o,,—04—05;-124X1 075— 7:3x 10-5— 116 7x 1075 rad/s 
oss (relative velocity of B relative to E)=05—(—on) 


=@p+Or 
= 131°3 x 10-5 rad/s. 


. Ks _4}mope2r? 13935. 3:97, Ans, 

A K mom 167? 

Vile i tes about a common centre of mass. One 
of the sa BERD OR Stan aed that of the other is m. Their centres 
are a distance d apart, d being large compared to the size of either 
Star. Derive an expression for the period of revolution of the stars 
about their common centre of mass. Compare their angular 
momenta and kinetic energies. M - 

Sol. The centre of mass of the system divides the distance 

etween the stars in the inverse ratio of their masses. If dj and də 
are distances of M and m from centre of mass, then 


dra em and d= x M. 


SECO 
M+m M+m 


The stars will rotate in circles of radii d, and d, about their 
Centre of mass. The same force of attraction provides the necessary 
centripetal force for their circular motion. 


GmM = Mojtd,— mos ds 


d 

Gm _ Gm , Mm _G(M+m) 
or eI dts dxm d? 

GM GM „M+m GOM - m) 
as oj—qmp- di dxM d 
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G(M +m) 
o=o) CU Ans. 


Ly... (Mw. (From the fact that moment of 
Lm —(mvjds 


momentum is also angular momentum) 


-Mydé SM m 
m d$ m M 
Ium Ans 
or i DM 
Ku. 3Mw* =M ord? M ds ( 0— 03) 


or SEU xe 


8. A planet of mass m moves alonga circle around the sun of 
mass m; with velocity v—34:9 km/s with respect to the heliocentre 
frame of reference, that is. the sun is at the centre of the frame. 
Find the period of revolution of this planet around the sun and 
show that Kepler's third law, that is, cube of orbital radius is pro- 
portional to the square of time pevolution of planets holds. Giver 
that ms=1'97 x 10% kg and G= 6:67 x 1021 units. 

Sol. From the ‘dynamics of circular motion’ of the planet 


a : : 2 i 
(assuming circular orbit) we have, 7’ = Gmm; 


dag erdiwe. 
2 
e roe or y?=Gm,/d. 
v=o.d, 
Gi j3 
yaa MO ot oo. OT uere 


Here, T= 20X6:67x 101 1-97 x 1020 
(34:9 x 103) s 


c — 1:19x 107 
1 WS e UTR —225 days. Ans. 
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Taking the equation in terms of d and o 


Gmms 
— d =mod 


or R= Gms 
di 


2n * Gm 4r? 
T =a oF T= ome. 


Ticd*. This is Kepler's third Jaw. 


Simple Pendulum 


: 1. Calculate the perio 
ES show that it is equal to 
volution of a satellite jus 


Surface of the earth. 


Radius of the earth= 6400 
=10 ms-?, 


d of a simple pendulum of infinite length 


the time of 
t above the 


km and g 


Sol. Since the pendulum is of infinite 
] to itself near NI 


r : 

hi its remains paralle 

à e surface of the earth. Let o be the 4 } 

ngle made by the radius vecior of the V 
C 


The forces 


bob i wae 
Ob in one extreme position. 
towards the 


E on the bob are (i) 8 
entre, (ii) tension T. 
` Resolving mg along and perpendicular to the string we have 
g sind as the restoring force 
mg sind = — mf 


x fog sind= —89 
yc Ee 
2—ER 
P fe-—* 
£o o fam [ea [6100x 107 


o=2 
R 
=2%3°142xX8 x10? s 
—83:8 min=84 min. Ans. 
Let x be the time of revolution of à satellite near the surface of 
the earth. 
Then morR= or 
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or o= J= ER CU GM-gR) 
or t—2x nit; Proved. 


2. A simple pendulum of length / is suspended from the ceiling 
of a cart moving slowly on a horizontallevel road. There is down- 
ward incline in the road forming an angle o to the horizontal. 
Calculate the period of oscillation of the pendulum during the 
motion of the cart down the incline. Assume that there is 
no friction. 


Sol. During the motion down the plane, the cart has acceleration 
g cosa down the plane. Let the string make angle w with the nor- 
mal to the ceiling in the equilibrium position. 


Then mg sina-- T sin y=mg sina (considering motion of the 
bob down the plane) 


or T siny=0 

or w=0. 

Thus the string will rest in equilibrium along the normal to the 
ceiling. 

By D’ Alembert’s principle we can consider bob stationary rela- 
tive to the cart if an acceleration g sina or an inertial force mg sina 
is supposed to act up the plane. Consider now a small displace- 
ment0 in the clockwise direction 
from the equilibrium position. 
Taking moment of all the forces 
acting on the bob including the 
‘inertia force’ about point of suspen- 
sion we have 

t (unbalanced torque) 

—mg sinalcos0 — mgl sin(o+6) 


d*0 
zn 
dt? 
(formula applied, torque 2 moment of inertia x angular ES 
tion 
d?0 A 2 } 
or I "up ~8sina—g (sina + cosa.) 


(C~ cos0—1 and sin0—0 when 0 small) 


g cosa 


1 x0 


d*9 
or ess 
dtà 
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Thus the motion is simple harmonic. 


wa’ um 


or T=2n deer 
g cosa 


...3. A seconds pendulum loses 6 seconds per day on the top of a 
hill. Calculate the height of the hill. Radius of the earth= 6400 km 
and g=10 m/s? on the surface of the earth. 


Sol. The pendulum makes (86400—6) beats in 86400 seconds 


Crisi : 86409 
and i 
nd so its time period is 2X a5400 = 6 
86400 _» JT 
2Xg6400—6 - zj z 
and 2-2% [ig (since the pendulum keeps correct 
time on the surface) 
86400 _ /10 
$6400 —6 g 
6 ) 1 
25 dE) Ad (1 — LT 
or g wi 86400 7200 
GM GM 
= d 10— 
But g (RA and 10 RE 
E Er Bere 10s 
io rm t (RFA) 


2 -2 
: iN Mam iust -(i- A) Viel] 
M ( Rh ) =(1 7200) °* R moo) ~! 3605 


6400 
OM km=1° 3 ; 
3600 km=1'8 km. Ans 


4. A pendulum of period 2s oscillates with amplitude 2- cm. 
The mass of the bob is 50 gm. Calculate the energy of the bob and 
its maximum velocity. 

Sol. E energy of simple harmonic motion) =4 m a?o?, 

The bob of the pendulum is in simple harmonic motion, 
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2x s 2x 
=} |-3) x "022 (2) (- -2) 
E=4~x (50x 10-3) x02? x 5 9-7 


—9:87 x 1075 J. Ans. 
i my’ mazs=Tmas=E [:- U+T=E (a constant) 


Tmaz=E] 
Or — Ymaz— T ay 2X au a =-063 m/s= 6'3 cm/s. Ans. 


*5. Find the period of oscillation of a mathematical pendulum 
constructed by a light rigid rod carrying two 
masses mm, and m; at distance l, and /, from the 
point of suspension. 
Sol. Consider a small angular displacement 
in the anticlockwise direction. 
t (torque) — —mygl, sin0 — mogl sind. 
Applying the formula, 
torque — moment of inertia X angular acceleration 
(— mgl; + msgl5) sind = (mil? + malo") x a 


mg or _ (mh Qmlitmala)g .. 
-ml F m? 


(— sin0=0 when 0 small) 


4. qoc —0. 
Hence motion is simple harmonic. 


2 


(ml, +Məə)g 


y mly 4-msl,* 


Ta2n frt mil?) 
(mili mals)g 


Elasticity 


1. A bar or cross-section A is subjected to equal and opposite 
Pa tensile forces F at its ends. Consi- 

E F der a plane section of the bar whose 
—-- 1-4 normal makes an angle 0 with the 
axisof the bar. (a) What is the 


tensile stress on this plane ? (b) 


What is the shearing stress at this 
plane ? (c) For what value of 0 is the tensile stress a maximum ? 


(d) For what value of 0 is the shearing stress a maximum ? 
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Sol. The resolved part of F along the normal is the tensile force 
at this plane and the resolved part parallel to the plane is the shea- 
ring force at this plane. 


force _ Fcos0 


Tensile stress= = 
area Aseco 


setae? 
A cos?0. Ans, 


(^ area of section=Asecé) 


b) Shearing stress=foree — FSinO L F^ 59 Ans. 

(>) E x area AsecO 2A LET 
... (c) Obviously tensile stress at the plane is maximum when cos'ó 
is maximum, that is, cos0—1 or 0—0?. Ans. 

(d) Obviously shearing stress is maximum when sin 20 is maxi- 
mum, that is, sin20—1 or 20—90? or 6=45°. Ans. 

2. A uniform plank of Young's modulus Y is moved over a 
Smooth horizontal surface by a constant horizontalforce F. The 
area of transverse section of the plank is A. Find the compressive 
Strain on the plank in the direction of the force. 


Sol. Since the force at the other end is zero, the average stret- 


ching force is Eio -7 
stress = , strain =e (say) 
JÁ 
s 
Then —2 24 or «(strain)=4. dy Ans. 
€ 


3. A copper rod of length / is suspended from the ceiling by one 
Of its ends. Find 
(a) the elongation A of the rod due to its own weight; 
(b) the volume strain produced in terms of longitudinal strain and 
Oisson’s ratio. 
weight |(4/P)g .. jpg. 
area 


Sol. Stress= 


Strain =A! (It is 7/2 because the weight is effective at its centre) 


7/2 
_2Al 
== R 
lpg ai 
EET or Al-3 Pgl*/ Y. Ans. 


C. H. PHY.-22 
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AD 
(b) o(Poisson’s ratio) =—~_where AD is the change in diameter 


T 


Now — A4——D*. Differentiating, A4- T. 2DAD. 


Now volume strain — 


AV || (A—AA)I+ AD) — Al 
V Al 


pn ee (neglecting the 


product AA. AT) 


Or volume strain = 


AAI—IAA 
Re eck, 


—— =(1—2c) a Ans. 


*4. A sphere of radius 10 cm and mass 25 kg is attached to the 
lower end of a steel wire which is suspended from the ceiling of a 
room. The point of support is 521 cm above the floor. When the 
Sphere is set swinging asa simple pendulum, its lowest point just 
grazes the floor. Calculate the velocity of the ball at its lowest 
position. 

Young's modulus of steel=20 x 1019 N/m? 

Unstretched length of the wire - 500 cm 

Radius of the steel wire — 0:05 cm. (LIT 1972) 

Sol.A wire can be considered as a spring of suitable force cons- 
tant. Fora wire we have 


F 
A Fl 
OT STH 


1 
er F-Y4! Al 
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Now, F=k.Al; .. k (force constant) = Joes 


YA 
Al I 


9 10 * [-2)2 
. 20x10 a Y zx 10$ N/m? 


Now we may treat the problem as if the mass is suspended by a 
spring of force constant k=10!x N/m. Considering ‘dynamics of 
circular motion’ at the lowest point, 


Obviously at the lowest point the wire elongates by 1 cm. 
T=kAl=zx10!x 01—2X10? N. 
25x»? 
2225x9:8222^ V. 
zx10:—25x9:8 Sn 


n EN (1005-245) 521 Ns 

or y=3°8 m/s. Ans. 

5. An iron wire AB of length 3 m at 0°C is stretched between the 
Opposite walls of a brass casing at 
0°C. The diameter of the wire is 
0°6 mm. What extra tension will be 
Set up in the wire when the tempera- 
ture of the system is raised to 40°C? 
Given uprass=18 x 10-°K+ 

Giron =12X 10 95K? 
Yiron=21 x 101? N/m*. 


Sol. Increase in length of the iron wire=/a At=/X12x 10-5x 40 
— 481 x 107? m. 


Increase in length of the brass tube=/a At- 1x 18x 1079x 40 
—721x10-5 m 


Since the increase in length of the brass tube is greater than that 
of the iron wire, the latter will be tightened. Let T be the tension in 
wire then 


SSS 


/ 
/ 


VA 
A 
A Vj 


IU ULL 


JT. Hs 


gee ae one ie 
Stress a GJA St xX LOr® 


stata 107° 24x 10-5 


Er 
9z x 1078 


- stress 
L Oe de«sr015 — 
Sine Y= train’ : 20x 1075 
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or T=21 x 101 24x 1075 x 9x x 10-8 
=(21 x24 x 9x) 10-3 
or T=142N. Ans. 


*6. A composite rod is made by joining a copper rod, end to end, 
with a second rod of different material but of the same cross-section. 
At 25°C, the composite rod is 1 m long of which the copper rod is 
30 cm. At 125°C the length of the composite rod increases by 
1:91 mm. When the composite rod is prevented from expanding by 
holding it between two rigid walls, itisfound that the constituent 
rods have remained unchanged in lengths in spite of rise of tempera- 
ture. Find the Young’s modulus and the coefficient of linear expan- 
sion of the second rod. (Y of copper=1°3x10! N/m? and a of 
copper= 17 x 10-®K-1, 

Sol. Since total expansion=expansion of the constituent rods, 

1-91 x 10-8 ="3 x 17x 10-8 x (125 —25)-+-7x a x (125—225) 
1:91 x 10-3=5'1%10-4+-70a 
or 70a =(1:91 —-51) x 107? - 1:4: 10-3 
a=2x 105K, 

When prevented from expanding, thermal expansion is accom- 
panied by elastic contraction. Since the lengths remain unchanged, 
the thermal expansion is equal to elastic coniraction. 


strain= 5^4 a ALL 17X 10 5x:100—17 x 10-4 


stress = Y x strain = 1:3 x 10195 17 x 10-4— 22:1 x 109; 
For the second rod, strain-aA£—2x 10-5x 100 =2 10-3 
stress= Y x strain = Y x 2x 10-3, 

But the same stress is effective throughout the composite rod. 
Yx2x1073222:1x109 
Y=11:1 x 10° N/m?. Ans. 

7. A steel bolt is inserted into a copper tube as shown. Find the 

forces induced in the bolt and in the tube when the 

nut is turned through one revolution. Assume that 

length of the tube is /, the pitch of the bolt thread is 

h and the cross-sectional areas of the steel bolt and 

the copper tube are 4; and A, respectively, 


Sol. When a nut is turned, the tube is compres- 
sed and so its length decreases and the boit is sub- 
jected to tensile force and SO its length increases. 
The sum of these two lengths is the distance through 
Which the nut moves. j 


F/A 
Now p= x: or Aj-PFX! 


= Y.As 
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Similarly, for the copper tube, NERA 
YcAc 
peal Fl 
— YsAs Y cA: 
LÀ YsYoAede Ans 
ow F—T Y,ArtYede 
*8. Calculate the internal pressure that can be sustained by 
(a) glass tube, (b) a glass spherical flask, thrust 


if in both cases the wall thickness is equal 
to Ar—] mm and the radius of the tube 
and flask equals r—25 cm. Tensile 
strength (c) of glass=5 x 107 N/m?. | 

Sol. Let us divide the sphere of glass 
into two hemispheres and consider equili- 
‘brium of one half. 

Let c be the tensile stress and p be the 
‘Pressure on the inner wall. 


The resultant of distributed tensile forces 
=(2n rAr)o 

The resultant of distributed thrusts on the wall due to pressure 
-—mnrp. 

For equililibrium we ipit 24 en 


r 
or p= LAT o. 


Tensile force 


If cp is the tensile strength, that is, breaking stress, then the 
‘maximum pressure that can be sustained by a spherical vessel is 


Z -3 
Pmar=2 Arg a2 x A SXI ES 
—4x 105 Nm-2—40 atm (1 atm— 10° Nm 9. Š, S 
Similar considerations |for à tube give p A» 
tensile force =(2Arl)o where lis the length $9 
‘of the tube. 2 


Thrust =(2rl)p. 
For equilibrium 
2Arlo= 2rlp 
Ars 


or p= es 
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= Arg, = 107 5 107= 2 108 Nm? 
Pnaz- — Ob *5x107 * x 
=20 atm. Ans. 
EXERCISES 


Gravitation 


1. Masses, assumed to be 


equal to m each, hang from strings of 
different lengths from the end 


sofa balance at the surface of the 
earth. Ifthe strings have negligible mass and differ in length by h, 
show that the error in weighing, W'—W, is given by W'—W 
= 81GPmh[3 where p is the density of the earth. 


2. A spherical hollow is made in 
a lead sphere of radius R, such 
tbat its surface touches the outside 
surface of the lead sphere and passes 
through its centre. The mass of the 
sphere before hollowing was M. What 
force does the hollowed Sphere exert on 


a point mass m placed at the centre of 
the hollow ? 


3. A train of mass 105 kg is at a lattitude 60°. How much will 
the weight of the train differ from its weight at the poles when the 
train (Radius of the earth —6400 km) is 

(1) stationary 
(ii) travelling due east at a velocity 108 kph 
(iii) travelling due west at a velocity of 108 kph ? 


4. A satellite of mass 2x 10? kg has to be shifted from the orbit 
equal to 2R to another of radius 3R where R is the radius of the 
earth. Calculate the minimum energy required. 

R=6400 km and g—9:8 m/s?, 


*5. A planet of mass m moves along an ellipse around the sun so- 
that its maximum and minimum distances from the sun (mass = 725) 
are equal to r, and ry Tespectively. Find the angular momentum L 
of this planet relative to the centre of the sun. 

6. Calculate the force of interact 


10 kg and volume 800 laced at 
bubble of th Vio snos 


a case of 


ion between a lead ball of mass 
a distance 1 m from the centre a 
9 same volume when both are situated in water. Isit 
attraction or repulsion ? 

4 hk A mine pierces the earth along one of its diameters. In what 
time will a body rel 


eased into the mi each th tre of the 
earth ? R=6400 km and £ — 10 m/s?, kee SE Seta okt 
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8. (a) What is the total energy of an artificial satellite circling 
round the earth in an orbit of radius R ? 

(b) What is the escape velocity for this satellite 2 

(c) Show that the satellite obeys Kepler’s third law, that is, the 
ratio the cube of its orbital radius to square of its time of revolution 
is a constant. (Roorke 1981). 

*9. Inside a uniform sphere of density P there is & spherical cavity- 
whose centre is at a distance / from the centre of the sphere. Find 
the strength of the gravitational field inside the cavity. 

10. A uniform sphere has a mass M and radius R. Find the pre- 
ssure inside the sphere caused by attraction of the layers towards 

' the centre of the sphere as a fuction of distance r from its centre. 

11. A double star is a system of two stars moving around the 
centre of mass of the system due to gravitation. Find the distance 
between the components of the double star if the total mass equals 
M and the period of revolution is T. 

12. A planet of mass m moves around the sun (mass M) along an 
elliptical path so that its minimum distance from the sun is rı an 
the maximum distance is rs. Using Kepler's laws, that is, pericd of 
revolution is the same, find its period of revolution around the sun. 


*13 A cosmic ray body A moves to the 
sun S with velocity v; when far from the 
sun and aiming along a line having per- 
pendicular distance d from the sun. Find 
the minimum distance of this body from — 
the sun. Take M as the mass of the A U5 
sun. 

*14, Find the third cosmic velocity Ys» that is, the minimun velocity 


relative to the earth’s surface to drive out a body out of the solar 
system in terms of the orbital speed v, of a body round the earth 


and the orbital speed Vo of à body round the sun. The rotation of 
the earth about its own axis is to be neglected. 

15. Calculate minimum work that 
a spaceship of mass m=2X 10° kg from the surface of the earth to 
the moon. Mass of the earth —6:0x 10? kg, mass of the moon 
—T]3x102, radius of the earth— 6:4 X 109 m and radius ofthe 


moon- 17 x 109 m. 

16. A spaceship is launched into a circular orbit close to tbe earth's 
Surface. What additional velocity has to Ge dmparid ato the 
spaceship to overcome the earth’s gravitational pull ? 

g=9°8 m/s? and R=6400 km. 

7. À :s in equilibrium on the line joining the sun to 
ds DE MO body from the earth? Take m, M and d 
as the mass of the earth, mass ofthe sun and distance between the 


centres of the sun and the earth. 


hasto be performed to carry 
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18. Consider two satellites 4 and B of 
equal mass, moving in the same circular 
orbit of radius r around the earth but in 
Opposite senses of rotation and therefore 
on collision course. 

(a) Find the total mechanical energy 
E,--Es of the two-satellite-plus-earth 
System before collisions. 

(b) If the collision is’ completely 
inelastic, find the total mechanical 


energy immediately after collision. Describe the subsequent motion 
of the combined satellite, 


19. A particle of mass m 
of magnitude k|r*, k being 
particle is at an extreme po 


is subject to an attractive central force 
aconstant. Ifat the instant when the 
sition in its closed path,at a distance a 


from the centre of the force, its Speed is E 
ma 


treme position. 
Pendulum 


;find the other ex- 


1. Calculate the loss or gain of a correct pendulum clock in a 
day when it is taken inside a mine of 


depth 200 m. Radius of the 
earth —6400 km and g=10 m/s?, 


2. Calculate the 
the ceiling of aca 
speed y. 


time period of a sim 


ple pendulum hanging from 
r negotiating round 


a curved path of radius R at 


3. Two simple Pendulums each of 
A B length / are connected by a weightless 
spring as shown in the figure. In the 
equilibrium position the Spring is not 
deformed. Find the frequencies of small 
Oscillations when s 
(a)they are deflected in one plane 
through the same angles in one direction, 
(b) in opposite directions. 


.4. A small bob of mass 50 gm oscillates as simple pendulum, 
with amplitude 5cm and period 2s. Find the velocity of the bob 
and the tension in the Supporting thread when the velocity of the 
bob is maximum. 


5. In a ballon expedition 
balloon, on Teaching the t 
400 seconds a day. Estimate 
earth’s radius to be 6460 km. 


» Seconds pendulum carried on the 
Opmost position is found to loss 
the height of ascent, assuming the 


(JEE, WB 1979) 
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Elasticity 


1. A steel wire of cross-sectional area 0'5 mm? is held between 
fixed supports. Ifthe tension in the wire is negligible and it is just 
taut at a temperature of 20°C, determine the tension when the tem- 
iperature falls to 0°C. Young's modulus of elasticity is 21 x 101? N/m* 
and the coefficient of linear expansion is 12x 10-5K^7. Assume that 
distance between the supports remains the same. (IIT 1973) 

2. A wire 3 metres in length and 1 mm in diameter at 30°C, is 
kept in a low temperature chamber at —170°C and is stretched by 
hanging a 10 kg mass at one end. Calculate the change 1n length 
of the wire. Coefficient of linear expansion = 12X 10-:K-' and 
Young's modulus 1:995 x 10!N/m*. (AIT 1968) 

3. A heavy plank of mass 
100 kg hangs on three vertical 
wires of equal length arranged 
symmetrically (see figure). Find 
the tensions in the wires if the 
middle wire is of steel and the 
other two are of copper. All 
the wires have the same cross- 
Section. Consider the modulus 
of elasticity of steel to be 
double that of copper. 

4. A copper plate of Jength 1 m is rivetted to two steel plates of 
the same length and section at 0°C. Calculate the tensions in copper 
and steel plates when heated to 20°C: Assume that i 

Yeopper=4Y steer and Yeter=2*100N/m* — — i 
0,— 18 x 10-5K 25 a, — 11 X 10-*K- and area of each plate = 50 cm?. 


5. A wi th 2l is stretched between two supports. A heavy 
"weight s suspended exactly from the middle of the wire. 
‘The cross-sectional area is 4 and its modulus of elasticity is E. 
Determine the distance by which mid point is lowered under the 
weight, considering it small. 

i i ermissi i locity of a rotati 

6. Find the maximum permissible linear velo: : ing 
thin lead ring (axis of rotation is the axis of the ring) if the tensile 
strength of lead is o — 2: 107 N/m? and its density — 11300 kg/m?. 

7. Two rods made of different materials are placed between 
massive walls (see figure). The cross- 
-section of the rods is A and their respec- 
tive lengths are J, and la: The rods are 
heated by t9C. Find the force with 
which the rods act on each other if their 
«coefficients of expansion are % and ds 
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and their Young's modulii are E; and E». Neglect the deformation 
of the walls. 


8. Find the elastic deformation energy per unit volume in fresh 
water at a depth of h=1 km. Given that B (compressibility of water) 
—5x 10-?° units. 


9. Find the elastic deformation energy of asteel rod of mass 
m=5 kg when stretched to a tensile strain «= 107? m. Density of 
steel (P)= 7800 kg/m? and E (Young's modulus) = 2x 104 N/m*. 


10. Calculate the maximum pressure that a spherical glass boiler 
of radius 10 cm and wall-thickness 2 mm can bear if the breaking 
stress of glass is 5x 107 Pa. 4 

11. Calculate the maximum pressure that a cylindrical - boiler of 
copper can withstand if the radius of the boiler is 5 cm and its wall- 
thickness is 0'5 mm and breaking strength of copper 3x 108 Pa. 


12. A wire of density 9000 kg/m? is stretched between two clamps 
1 m apart, while subjected to an extension of 0°05 cm. What is the 
lowest frequency of transverse vibrations in the wire, assuming 
Young's modulus of the material of the wire 9'x 10:9 N/m?. (IT 75) 


13. A steel wire of diameter 1 mm is stretched horizontally 
between two clamps at a distance 2 m apart from each other. . 
weight of mass 1 kg is suspended from the midpoint O of the wire. 
What will be the resulting descent of the point O? E (Young's 
modulus of steel) 2 2x 104 N/m?. 


14. A 6kg weight is fastened to the end of a steel wire of unstret- 
ched length 60 cm. It is whirled in a vertical circle and has an 
angular velocity of 2 rev/sec at the bottom of the circle. Area of 
cross-section of the wire is 0:05 cm?. Calculate the elongation of 
the wire when the weight is at the lowest point of the path. Young's 
modulus of elasticity of steel=2 x 104 Pa. 


15. A disc of mass m is attached to a spring of unstretched 
length /, and force constant k. If the disc is rotated in a smooth 
horizontal plane, show that the radius of the uniform circular 


ur k M son 4Umklf: 
mot —— ee OLR 
ion is ka 4ntmf and tension in the spring is k= Anim? where 
f is the frequency of revolution. 
16. A rubber cord of unstretched length / is attached to a ball of 


mass m. The cord is fixed to a point and the ball is taken to the 
horizontal unstretched position and released. Show that the cord 


stretches by A1 =a at the lowest position of the ball provided 


Alissmall. Further show that the Speed of the ballat the bottom: 
is v= A/2g(1— 3mg]2E). 
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TEST YOURSELF 


is Foe reasons of the following : 3x10=30 
i) A simple pendulum is carried in a. balloon above the surf: 
of the earth, Will it loose or gain? wae 

(ii) Can you find the position of the centre of mass of a body by 
arranging a simple pendulum with it in your laboratory ? In a space 
laboratory ? 

(iji) Two pendula, each consisting of a disc attached to light bar, 
are identical except for the coupling between disc and bar. In one 
the bar is rigidly mounted to the disc; in the other ball-bearings are 
am so that the disc would be free to spin about the end of the bar. 
Bok pendula are hung, pulled aside to the same height, and released. 

hich has the greater period ? Explain. 

(iv) Inside a spaceship what difficulties would you encounter r 
In walking? Injumping? In drinking ? 

_(v) Because the earth bulges near the equator, the source of 
Missisipi River, although, high above sea Jevel, is nearer to the 
centre of the earth than is its mouth. How can river flow ‘uphill’ ? 

. (vi) When a force is applied at an inclination to a face ofa fixed 
rigid cube, does it produce the same tensile and shearing Stress at 
that face ? If not, explain why ? 

(vii) A liquid surface is horizontal 
shape. Is it true or false ? 

. (viii) Why does the earth impart t 
tion irrespective of their mass ? Is it 
engine on train for example ? 

,. (ix) In what conditions will bodies inside a spaceship be 
weightless’ ? 

(x) When a rod clampe 
When clamped at both ends ? 

2. Answer the following objectives : PANS 20 

(i) A force F is applied in a vertical plane perpendicular to the 
top face of parallelopiped block of length, breadth and height a, b 
and c respectively at inclination 9 to the vertical. The lower face of 
the block containing lenet and breadth is fixed to a horizontal 


surface. The shearing stress at the top face is 


Fcos® Fsin® Fcos8 — (q 
T (b —- (GC) (d) 


because it bas no definite 


o all bodies the same accelera- 
true for other forces, pull of 


d at one end is heated is it strained ?' 


Fsin® 
(a) par 


(ii) In the above example th 
containing b and c sides is 


e shearing stress on the vertical faces. 


Fcos0 Fsin8 Fcose 
(a) zero, ©) pe” (Orme: @) a: 
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(iii) In the above examples the tensile stress on the top face is 


Fsin@ Fcos0 , 
(a) = Oar) 
(iv) If T is the period of a planet and R is the radius of its orbit 


Fcos8 Fsin0 
oo, 


> 


1 
then (a) TocR, (b) T?ecR?, (c) TccR?, (d) Tez: 


(v) The compressibility of water is 0°5 GPa-}, its bulk modulus is 
(a) 5x 10°N/m*, (b) 5x 10-°N/m?, (c) 2x 10*N/m?, (d) 2x 10-°N/m?. 


(vi) A wire of length 1 mis stretched without tenstion at 30°C 
between two fixed supports. If the temperature falls to 0°C, the 
Strain produced in the wire (a= 12x 10-*K-4) is 

(a) 4x 10-5, (b) 4: 10-8 m, (c) 36x 10-5 m, (d) 36x 10-5. 
(vii) If 3:«10-? J of work is done in stretching a wire through 
mm, the work done in stretching it through 3 mm (a) 9x 10 J, 


(b)1x10-3J, (c)27x10-3J, (d)cannot be said unless force is 
given. 


(viii) A spaceship approches the moon whose mass and radius 
are M and R alon 


surface. At the 


R 
(ix) The gravitational field inside a spherical shell is 


w JF va-1, w EO E e 


{a) zero, (b) -SM, (c) zw, (d) infinite. 

(x) A satellite of mass m, initially at rest on the earth, is launched 
in circular orbit at a height equal to the radius of the earth. The 
minimum energy required is (a) 32R, (b) 3eR, (c) ZER, (d) 3/4 gR. 
Answer any five of the following : 5x 10=50 


3. (a) An artificial satellite revolves 15 times a day around the 
arth in circular orbit of radius 7000 km. Find the gravitational 
intensity at the site of the satellite. 

(b) A satellite of mass 250 kg revolves around a planet of mass 
5x10% kg in a circular orbit of radius 667x109 m. Find the 
binding energy ofthe planet +satellite system, 

G=667 x 10: Nm? kg. 


4. (a) A steel rod is subjected to 10 kgf tensile force at 27°C. 
"Calculate the temperature at which it is freed from strain if the area 
‘of cross-section of the rod is 5 mm? and a of steel — 10 x 10-5K— and 

Y of steel 2 2 10 N/m? and g= 10 m/s?, 
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(b) The radius of the wooden wheel of a bullock cart is 75 m. A 
steel ring of thickness 1 cm is put on it by heating to 200°C. 
Calculate the force per unit area with which the ring grips over 
wheel when it is cooled to 30°C. Y of steel =200 GPa and a of 
steel=10 *K^. 

5. Two point masses, each equal to M, are placed at a distance 
2a apart. Show that a small mass m placed midway between them 
on the line joining them will be equilibrium and ifit is slightly dis- 
placed a little from this position along the line perpendicular to the 
line joining the masses it will execute simple harmonic motion, 
Calculate the frequency of these oscillations. r 

6. A satellite revolving in a circular equatorial orbit of radius: 
R=2x 10t km from east to west. Calculate the interval after which, 
it will appear at the same equatorial town. Given that radius of the 
earth= 6400 km and g (acceleration due to gravity)= 10 m/s*. 

7. (a) Calculate the time period of a pendulum constructed by a 
light rigid rod carrying three bobs of masses mn, mə and my, at dis- 
tances /,, J, and /; from the point of suspension. 

(b) Calculate the time period of oscillation of a seconds pendulum. 
in an elevator moving up with constant acceleration 2 m/s". Take 
&=10 m/s?. 

8. A particle of mass m is subjected to an attractive central force 
of magnitude k/r?, k being a constant. lfat the instant when the 
particle is at an extreme position in its orbit, ata distance ‘a’ from 


the centre of force, its speed is /kj2ma, find the other extreme 


position. 
Answers to Exercises 
Gravitation 
2 p- CMa, 3, 0863kg, Gi) 108:5 kg, (iii) 640 kg. 


rye 
4. 104x10% joule. 5 Demi 2Gm. Era 


6 wax loa T E ents) 3p 
3GM? f,_ EN 
9. “Gel. 10. pees a6 m^ 


1 SENS! j 
n. d= Gui Ya 12. T=2n JA, 
T 
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14. va =V 2 +HO/2—DVo% — 15. 1°12 x10" joule. 


16. 3:279: 105 m/s. 372 diem e 
f Vin--/ M 


ig, .GMemn , _ 2GMem 
r 


mo combined body falls directly down. 


a 
19. 3" 


Pendulum 


f= mage 4. l6 m/s; -49 newton. ^ 5. 30 km. 


Elasticity 


1, 25:2 N. 2. :0053 m. Sh Tcopper=25 kgf; Tstee = 50 kgf. 


4. 56x10? N. s. ra 6. 42 m/s. 


7. pz at t h, 8.24x10!Jm-. — 9.64]. 
EU 

10. 2x 10° Pa. 11, 310° Pa. 12. 35 Hz. 

13. 25x 10-2 m. 14. 3:36 x 10-5 m. 


Answers of Test Questions 


2. (i) (b), (ii) (b), Gii) (d), (iv) (b, v) (©), (vi) (d) 


(vii) (c), (viii) (a), (x) (a Q9) (a). 
3. T7 m/s; —6:25x10!5joule. 4. 172?C; 144 x109 N/m?. 
s fl /GM 


2m/ d ' 


6. 5 h 48 min. 
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A M 
J. T22; [ule tma kml, 1- i 
(ml; + Mala 4- mls) y ME. 8. 


vja 


Solution to Exercises 
Gravitation 
år 
LR» 
3 


(RESI) NUR: 
a 
= mp [s(1-2) -R| 
3 R 


-4eme [R(1+3) -2 ] (2 h< <R) 


Gmi=R Gm 
1. W'-W- 3 


- Gmbh. Proved. 


2. The gravitational force= gravitational field x mass. 
By the principle of superposition of fields, 
g=81 182 
where g — gravitational field at the site of m 
due to entire mass 
g= gravitational field at the same point 
due to hollowed sphere 


ge = gravitational potential at the same point 
due to mass in the hollowed portion. 


field at a point inside a solid sphere at a distance x 


Now g= 
Pene (taking only the absolute value) - 27. 
g= feld at the centre of a solid sphere of radius z =0 
. GM GM 
S omi bM or £A-35qm: 


due to hollowed sphere— GMM jns. 


.. Force on m IRE 


351 


352 COACHING AT YOUR HOME PHYSICS 


3. See Ex. 2for deduction of the general expression for the 
apparent weight W which is 


W= ng 1 _o?Reos*, _ SEE | 
d g 


At the pole km 


W. pole mg 
W oie — W = mo*Rcos?i--2myocosA. 


© (angular speed of the earth) = Pee =7°27x 10-5 rad/s. 


(i) When stationary, v=0 
AW = W pore — W —mo*Rcos?x 
= 10° (7:27 x 1075)? x (6400 x 102) x cos260° 
= 727° x 64 x :52=845'6 N 
=863 kg. Ans. 
5 108 x 1000 
(i) Here v—108 kph= P6008 — —30 m/s. 


AW —845:6 N2-2x 105x 30x 7:27 x 10-8 x:5 
—845:6--218:1—1063:7 N= 1085 kg. Ans, 
(iii) Here v— —]08 kph — —30 m/s. 
AW —845:6—218:1—627:5— 64:0 kg. Ans, 
4. Total mechanical energy ofa setellite in a Circular orbit of 


radius r= —3 EM 
5 


E, (energy in the first orbit) = ae 


E.( ,, in the second n)= ~4 Gln 


-. Energy (minimum) required = E,—E,— 


n| = 
RE 
E 
aN 
Nl 
l 
e> 
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_mgR _2X10°x9'8 x 6400 x 1000 
12 12 
=1:04x 101 joule. Ans. 


_ 5. At the minimum and maximum distant positions of the planet 
its velocities are at right angles to its position vectors, Remembering 
that moment of momentum is also angular momentum we have by 
conservation of angular momenta at the two positions 
(mv;)ri 9 (mvs)ra 
Or Vari = Vara. 
Considering conservation of energy 
Gmm , 2 
— GMM 1 Amy d= M C ymy s, 
Ty Te 


Putting the value of v, in terms vı 


s Gmsm yir? 
Gmr ymn = 2 Him 
ry Ta T$ 


2 
or Gm;m (+-+ =4av("-1) 
mm. ay To 


or Gm, i fi. apps NED (, Tra) 
2 


Tila 


2Gmsra 
o = l 
Mia oo 


F T.fs 
L-mvy,-m / 26m; . Ans. 
DES Tita 


7 ass 10 kg behaves like a mass equal to its 
or aie Er heroo fana a volute of water’ and the bubble 
behaves like a mass in the same way as a mass equal to its own 
mass which is zero minus the mass of equal volume of mass in water. 
Thus bubble be haves like a negative mass in water. 

; of lead ball) =10—800 x 10 x 1000 
—10—:8—9'2 kg. 
my- (equivalent mass of bubble)—-0—:8— —'8 kg. 


Gx92x(—8) 
S EE 


m, (equivalent mass 


Force between the two= 


= —6°6 X 1071 X 9°28 
— —48x10-1? N. Ans. 


C. Y. H, PHY,-23 
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7. Let x be distance of the mass m from the centre at any instant. 
Remembering that the gravitational field inside a sphere at a distance 
GM 


x from the centre is -gs Y We have, 


Gravitational force= cum x (in the —ve direction of x) 


= oun x (in the +-ve direction of x) 


where M — mass of the earth 
and R=radius of the earth. 


GMm d*x 
=p X= Ge 
dixe GM gd mi 
TTE EIE x= RC GM=gR?}) 
dx ode 
Thus . dg cc —x and hence motion is simple harmonic, 
Here 7) =£ 
T R 5 
R 6400 x 1000 
Or T=2n /—=2 ah AER A1 es 
inp V a 5027 s 
—83'8 min. 
25.9831 £ 
VR M —20'9 min. Ans. 
8. (a) Total energy — potential energy J-kinetic energy 
s un GMmisd s 
TIUS tomy b 3 
By dynamics of circular motion 
G. 2 2 
ra = or pe 
we E (total energy)= — GMm L.6Mm 
8y) R bU 
__1 GMm 


7 In Ans. 
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(b) Let y be the velocity of escape. 


Then d my? =— 


. „Note. Note here that the escape velocity of an encircling particle 
is different from that of a stationary particle. 


(c) Let a be the radius of the orbit. 


a3 
Then GM =mo'a= m(Z) a 
a* T 
T! 48m _ 4x? 
or a Mm GM (a constant) 
aS OCRAS Proved. 


9. g (gravitational field at the point due to the sphere) 
nA ae (Er | (so x-I here) 


4n 
=GP] 
3 


81 (gravitational field at the same point due to cavity mass)— 0. 


By the ‘principle of superposition of fields’ 
at REP b here g; is the required field 


or A GpI- 0 +82 


on g= GPL. Ans, 


10. Consider a thin layer bounded by two concentric spherical 
Shells of radii r and r--dr. Let the pressure at distances r and r+dr 
be p and p — dp. 

Inward gravitational pull on the layer 


2 (S r) (4nr? dro) 
(force = field x mass) 


= AGM? yaq, 
R? 
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3M 
4nGM mena 
= C p redr i a E 4aR3 | 


= oe de 


Outward force due to press difference = — 4zr? dp. 
For equilibrium we have 


—4ur? dp= d i 3dr 


or 


—dp= AR" rdr. 
é | 3GM? 
Integrating, p eR r* -- c (a constant). 
When BER: peo. 
3GM? po 
"ie 8xR$ te 
— pa GM? a 3GM* gw, 
P 8rR® j 8R? R 
| 3GM? r? 
or P= eRe (i m) Ans. 


11. Let d be the distance betweem 
the centres of the sun and d; and d, be 
their distances from the centre of mass- 


Then d= 


xm 
mmy ^ 


and 


d 
= xm, 
m-- ma 


m»Xs 
(from Xem — ELA. 


my + ms 
The two stars move in circular orbits of different radii, namely 
d, and d,, under the mutual gravitational pull 
Gmymy _ 
S myo!d, 


—mso*d,. 
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Given that m,4-ma3—.M 


: d d 
3h dip and d= M m; 


Gm, (M -m d 
Gn (M — mis) =mo*. ls (M— m) 


or GM=o7d® 
or d= GMT? 
ar? 
1 
or d= oe jn Ans. 
ES 


. .12. Since the period of revolution is the same by Kepler's laws 
itis sufficient to consider the motion along the circle whose radius 
Mie to the mean of the major and minor axes of the given 
ellipse. 


*. radius of the circular orbit— nih =r (say) 


- 


GMm _ mor 


rà 
r3 
OF ait or T= n [GM 
(ritr) 
` = (i79) ., Ans. 
E T-2s | SGM 


rvation we have 


33. By energy conse 
GMm iat G. 


n of angular momentum ofthe body about S” 
ntum is the angular momentum) 


myod — mydimin tt (ii). 
Eliminating v between () and (ii) X 
pal iL) GM: 
v - 2 dmin dmin 


By 'conservatio 
(remember moment of mom? 


1 
Yo? -dyx —26M», po di 


Or d2vex®— 2G Mx — w= 
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2GM + »/4G2M2+-4y,4d? 
2d*w? 
d*y? 
GM A/ GM? wid? 


Lvl VGM? +vid? GM). 


or dmn = AE (J 1+ 28 LAM. - 1). Ans, 


14. Let d be the distance between the earth and the sun. 
Thenjiwiw Mees S Mm eas Whe 
d 


or x= 


or dmin — 


d^ where M is the 
mass of the sun. 


Me H 
, where Me is the mass 
Re Rè e 


of the earth and Re is the radius of the earth. 
Velocity of escape of a body from the earth’s orbit 


38M py, 


Also ""* GM, , NES 


Velocity relative to theearth — V 2Vs — Vy— (4/2— DV, 


1 GMem , 1 " 
— mV i= eh er 2—1yr3 
2 mV Re Tm yr, 


(here the first term is the gravitational potential energy due to 
the earth) 


or Vac 20M. Lea yy 


neri d. 1)°V,? 
Ob Vy—4A/2v--(/2—1YV$g. Ans. 


15. Considera point at a distance x from the centre of the 
earth (x >Re). ‘ 


Force on the spaceship = a qa, where d is the 


distance of centre to centre of the earth and moon. 
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W (work done to carry it from x= Re to x=d— Rmn} 


d—Rm 

GMem _GMmm 
Ea cm dx 
€ 


d—Rm 
" omen|~ l -amun z] 
Re Re 


a 1 tes Sepp 
=GM.em hws | Man) Rn dESRE | 
Taking d to be very large, 

GMem _ GMnm 


i, Re Rm 
=om( Me ee) 
Sm Rel 


6:0 x 1024 I) 
L6 j^ (9 * ~~ — _ 
616x10x20 (Sexo 7x10 


—12:6x 10-8(9°4 x 107 —43 x 1016) 


or W-112x10! Joule. Ans. 
GM —. ;— 
16. The orbital velocity round the earth —Yo— y z um V gR 
(- GM=gR’). 


The escape velocity from the surface of the earth 


uc [c RR 


The additional velocity needed = Av=ve—Vo= V/ER(/2—1) 
=4/9°8 x 6400 x 10? (1:414— 1) 
—3:279 x 10? m/s. Ans. 


17. Let x, be the distance from the earth. 


Then GmAm _ OMAT, where Am is the mass of the body. 
x 


= —. Ans 
x . . 
34 [M 

m 
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18. E,=energy of earth-+ sattelite A= — ZAE +. 1gy?, 


1By dynamics of circular motion 


GM,m _ my? 
js r 


Similarly, D > 


Si E,-d-E&-— ———*". Ans, 


By ‘conservation of tangential momentum’ we have 
my-r-(— my) « 2mv' 


"or y! E05 
SORRE (energy of the system) = gravitational energy only 
Lm GMex2m 
r 
= 2GMa 


5 
Since the velocity is zero, the combined body falls directly 

down. Ans. 

kdr k 


ia 


co 
19. U (potential energy)— -[ s 
* T 


By conservation of energy we have 


LEO SEU —-— plays 
a 2 


By conservation of angular momentum at the extreme position 
where velocities are at right angles to the position vectors (moment 
of momentum is also angular momentum) 


(mv)a=(my')x or va-yv'x 


2q2 


e ik 1 ey ee k 1 y 
nouos xu ae 


Now 2 0k i 
y Ima (given). 
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s k myk. intas 
a Ey ims 3 "Ama? x 


a AA os 
‘or : ia lee dint 
4x? x 4a : 
or Xo. Aaga 
4x? ox 
or a _ 4a 30 P 
RI ES 
OT (2-2) 23 
x 5 
or aon 
xX 
or =x or a=3x 
a 
=, Ans; 
x 3 E 
Pendulum 


1. Since inside a mine g deceased Tincreases and so the *pen- 
-dulum loses. Let it lose 7 seconds. Then 


27 zn is 


and 2x .86400 . on [T where g acceleration inside the 
56400—7 N 8 D 
amine, 
Aw 400—n 
Dividing, B EDO MI 
Now, 10- 2M; gait R-i) 
gL RER 
im a 


MS pes E he: h< <R) 
i 156400 
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ND 
SI 86400 
x n= 86400xh_ 86400200 _ 1.35 DN C. 


2R 2x 6400 x 100 
2. When a car moves horizontally with acceleration a, the effective 
acceleration on the bob is 4/ a* -- g?, 


1 
T=% / i 
vag 


When a car negotiates a curved path it has centripetal accelera- 


tion ive by a= 3 
ven Er 
g y R 


3. (a) When they are deflected’ 
through the same angle in the same 
direction, there is no deformation: 
of the spring. Hence each pendulum 


will oscillate as a normal simple 
pendulum. 


"d mg Re T-2 £. Ans. 


(b) Let x be the instantaneous dis 
from the mean position. Therefore, 
and the force exerted byi 


placement of each pendulum 


the spring is elongated by 2m 
t on each pendulum is k.2x, 


Unbalanced force on each bob=2kx-+T sin0 in the negative 
direction of x 

— —(2kx-LT sin) in the +ve direction 
= —Qkx--T0) when 0 small, 

As there is no vertical acceleration, 

T cos — mg 

T—mg(- cos0=1 where 0 small). 
-. Unbalanced force on cach bob — — (2 kx-I-mg9) 


=~ (us mt. ) (^ x-10) 


By Newton's law of motion 


or 
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mz) yom 2% 
(ar n. x-mows 

a (2k 80) 
de (es dE 


2 . A 
Thus dix cc — x and so the motion is simple harmonic. Here 


3 


3 
Qn) 2k, g 
(G Sm T 
or Qxfy- 2E LE. E 
or Pub Ans. 
4. The velocity of a particle in SHM is given by 
y-oy/ ai -x? 


2r Fx 0-16 m/s. Ans. 


Ymaz———— X4— 
maz 5 


At the mean position, from dynamics of circular motion, 


? 
T-mg- 7A 
=) = a?, where t=Time period. 
Ü E 
But ULM or T f 
g g 
Substituting the value of /, 
_ l6zta?m 
T—mg Lm 
nå 
or T=mg (Gass zi ) 


16nix os) 
—50x 10-2x 9 docui Dg 


= " 1+ o )-« newton. Ans. 
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TA 
5. At the surface of the earth, 2—2z J= 


86400 IE 
i pate Ve —* 
At the height of the balloon, 2x $6400 —400 WE 


Dividing, ( sik JE 


_GM 1_ GM _ 
But, 8= pr and g'— QUEBEC 
2 
zoe R_) 
g R+h ? 
d^ 2 R-N R 
216 /( RFT) R+h 
215 R 
pon! M =) 
or 216 Rh! or. R=215h 
-..R _6450km _ 
One h= 157 315 —30 km. Ans. 
"Elasticity 


,i. Thermal change in length=A/=/aA0 where 7 is the 
original length, a=expansivity or coefficient of linear expansion and 
/49 — change in temperature, 


The supports prevent this change by exerting force. So thermal 
expansion is equal to the elastic extension. . 


strain= i «Að. 


.. (Note : Always remember that the strain corresponding to change 
in temperature change by A9 is &. A0.) 


If A is the area of cross-section and T is the tension, then stress 


à aA 
or ^" T=YAaA0o 
Lx 10" x 55x 1076: 12 10-9» 20 
5:2 newton. Ans. 


i 
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7) 


€ 


2. Obviously there is contraction (thermal) by, say, A/ and. 
elastic expansion by, say, Al’. Then change in length = A/— Al’, 
Al, Thermal contraction =/eA0=3x 12x 10-§x 200—:0072 m. 


Elastic strain— INES AND 
l 3 
WALA 10g 
stress = 5x 10-32 25x10 
ALOT 
-257r x 10-8 
4 n RE 
1:995 x10 AP 
3 
30x 9:8 5 
ese 0019) 
zy Al = SX 1:995 x 108 3 
change in length — 0072— 0019 = :0053 m (contraction). Ans. 
q 
BANT 
3. We have, Y- AIAX Al 
l 
or TXI=YAAI. 
Here /, Aland A are the same. 3h diee 
Tsteet = Ysteet 
a Tcopper Ycopper 
or Tsteet = 21 copper (ES Ysteei - 2X Yeopper given). 


From ‘equilibrium of the plank’ 
Tsecert2T copper = 100 
or Tcopper= 25 "i Aus! 
Tsteei — 50 kgf 

4. Let us use the suffix ‘s’ for steel and ‘c’ for copper. Copper 
expands more than steel. So increase in temperature will lead to 
elastic compression of the copper , plates and tension of the steel 
plates. Let F be the force with which the copper plate is contracted, 

Thermal expansion of copper plate= lac A0 


lasti len Ex! 
elastic contraction = Y;xA UI 


Net expansion of each copper plate =la, A0— aD l 
7 


Considering “equilibrium of the rivet? we have F—2F' where F’ 
is the force on each steel plate. 
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So each steel plate is expanded by F/2, . 
Thermal expansion of each steel plate=/a, A 0. 
(F/2)x1 

YsxA 


Elastic expansion = 


" Fl 
Net expansion — /a; A 0 + 2Y,4" 


Since length is the same for all the plates we have 


la; A0— eu =la, A04- n 
or A T vL uA T 
or (e-a) A0= F( e) 
or F- aera Ys. 
Putting Y;=2Y¢, 


=; (u— as)AAOY, 
=§ (18-11) x 10-8 x 50 x 10-4 20x 2x 1012 
=2x7x4x10®=56 x 10% newton. Ans. 

5. Let 2/ be the distance between the supports and let the mid- 
point go down by x. Suppose 2/’ is the length of the wire in the 
displaced position. For equilibrium of the mass we have 

W — T sin0+T sine 
where T — tension and 0 is the augle between the initial position of 
the wire and displaced position 


or W=2T0 (^ sin0=@ when 0 small) 

Stress - T, strain = areta =4 x Vox«l) 
Stress — E x strain, 5 =E X4} a or zig =4 m 

or NOE (are T0) 

or -(GD -1 Me C^ W=Mg). Ans. 


6. Consider an element of length / subtending an angle 2A9 at 
thecentre. Then/— (2A9) x R where R= radius of the ring. If T is 
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ithe tension of the ring then centripetal force 


-2TsinA0- 2TA0- T, 


TZ BE GI e where r —radius of cross-section of the ring. 


1x 107 
or c (stress) = — pr or v=,/<= DX (msn. 


_ 7. Let F be the force with which they interact. Thermal expan- 
sion of rod 1 =a; and its elastic contraction 


SHE i aul 
Ei . change in length E 


Q4 E, 
E ; Fl, 
Al, (net increase in length of rod 1)=/,0,f— Sr 
n. Fl 
similarly Al ldt p. T 
Fl, Fee 
lat— EA +1o0gt— tat 
or a+ leag)t = FIA (1.4) 
(Fag + ^ia. EY E, 
2 aslı + Qola Ne 
due 
E E 
8. We have, u (energy density) —2 stress strain 


stress 
=4 X stress X —7— 
i K 


s ok Stress 
(s a =) 
5 5o 1S x dl 
=4ß (tress)? ( : jeu) 
=48 (Pgh)? 
or u=4p (Pgh)? 


= x (5x 1029) x (1000 x 9*8 x 1000)? 
—2:5 x 9:82 x 102 — 2:4 x 104 Jm, Ans. 


368 COACHING AT YOUR HOME PHYSICS. 


9. We have, u—3 x stress x strain 
tress ) 
k =}4x Ex strain x strain ( us Bie 03. 
strain / 
-iEe. 


U (total energy) - volume x density 


=" y ep-ie z E 


e% -aex S B 
or U=3x(10 FX z0 X2X 10 


23 3 
ni 10?— 64 Joule. Ans. 


10. See Ex. 8. page s 
=2x 2% 5x107=2x 108 Pa. Ans. 
11. See Ex. 8. p= SE GEO 3x 105 —3 x 108 Pa, Ans. 
12. We have, LR f2 
2iN m 
Here, reus y Yx p (^ stress — Y x strain) 
and ESO LAN 
lr ay Al 
E E: XA XAT 
2l 4 
YAI 
or IA 
zs Ap[3 


"9x109x 5x 10-4 


Deo age done. 


13. See solution of problem 5. We have there 


M. 


1 
ti 
Mg) ; Where / « half the length of the wire 


xed 
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a 

1 x98 : 
eam e £ 
2X10! xz x 5* x 1075, 


i 
:25x9'8 J*. 25x 102 m. Ans, 


50x x 10° 
14. At the lowest position, T—mg=mo'l 
=mo*(Ip+ AT) 
or T—mg - mo*(Is + Al). 


We have, stress — Y x strain- Y Al 
0 


and T=A Xstress =Á x —=— 
0 


e =mg+mo® (Io4- AT) 
o 
'5x9:8455x4x:6 


or " TET T1103 1o ENERO AS DEO OPTED UNA 
NEST E 05x10x2x10 > es 
( J -- mo ara mr 5x6 


E5620 en: s 
Tre 3:36 x 1075 m. Ans. 


15. Centripetal force— T (tension) - mo*(lo-- AI). 
But T=kAl 
s kAl=mo%(Io+ AT) 
The radius of the circle=r=/o+A/ 
z. Al=r-l 
K(r— I) e mo? do +r — lo) 


tu kilos Klo Proved. 
kama? k-4emf* 


" kl 
T= gnito Al) =mo*r=mo*. aaa 


or r 


or 4n2mklof* Proved. 


Ck-aemf* 
16. From ‘dynamics of circular motion" 
y mv? 


c. 
Y. H. PHY.-24 
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But S T=kAl 


a 
kAl-mg=7 A] 


or KAII+ Al) —mg(l+ Al) =m»? ay E 


By ‘energy conservation’ (point of suspension is taken as 
reference) 


0=3 my*--i kAP-—mg(l-- AI) 
or my?--kAP —2mg(l 4- Al) Be (ii). 
Combining (i) and (ii) to eliminate v 
KEAKI-- AT) - mg(-4- AI)-2mg(I-4- AI) -kAP 
or kAlxl-3mgl—kAI? neglecting AI in comparision to /) 
or k AKI 4- AT) — 3mgl 
or kAlxl=3mgl (again neglecting A/ in comparison to 7) 


or AIŠE, Proved. 


Putting the value of A/ in (ii) 


352 
my! =2mg (EL =k. ut 


2 2 2 


or »= z ee an ) Proved. 


Solutions to Test Questions 


1. (i) It will lose. (ii) Yes. Let /' be the length of the thread and 


‘a be the distance of Cg from the point of suspension. Then 


or 2— T?-—a. 


The plot of /" against T? is a straight line, the intercept of which 
on the /'-axis gives q. No, 


i laborato i - 
dulum will not work. VEN Ede ramble pen 


_ (iii) The pendulum in which the disc is rigidly fixed to the rod 
will have greater time 


] b Period than the one in which the disc is free 
to turn because the disc moves translationwise, and the system 


y 
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behaves like a simple pendulum. : 
(iv) In drinking because there is no force to pour water out of 
the vessel. 

. (v) Water actually flows from higher potential to the lower poten- 
tial. The mouth is actually at lower potential than the source. 

(vi) No, the component of the stress, normal to the face is the 
tensile stress and the parallel component is the shearing stress. 

. (vii) Yes, a liquid cannot withstand shearing stress. Asit cannot 
withstand shearing stress, it has no definite shape. So it is true that 
a liquid surface is horizontal because it has no definite shape. 

(viii) Because the greater the mass, the greater the gravitational 
GmM 


GM 
pull. F= p = mg, or g= -pa =a constant. 


No, for pull of an engine, F=mf, orf-T. 


The acceleration is inversely proportional to the mass, 

(ix) When the engine of the spaceship be shut off and there be 
no resistance of the external medium. 

(x) No, when it is clamped at one end and free to move out at 
the other end it is notstraired. Yes, when clamped at both ends 
it is prevented from expanding and so it is strained. 


shearing force _ Fsine 


2. (i). (b). Shearing stress Eus = 
(ii). (b). shearing stress = Feos, 
ii). (d). 
(v). (b). By Kepler's laws. 
Ma DUI nera ot 1 
(v). ©, : K (bulk modulus) = aA EA 
or K=2 GPa=2x i0° Pa C7 10=1 giga). 


(vi). (d). : strain=aA0=12 x 10° x 30—36x 1075, 
(vii). (c). : W=4xstress x strain =4 X Y X strain? 


-r Ey 


We AB. 
(viii). (a). : The velocity changed from escape . velocity. to 


2GM jM 
Orbital velocity. Avi-w- wu] R - (4 
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_ (GM. ple 
= TR (2-D. 


(ix). (a). 
(x). (a). : Ui (initial Potential energy)= —2™ (no kinetic 
R energy) 
GM | GM 
UR oR aR? 
4 - 73 "GM. 3 
& AU=U;—Wi= R 4 gR 


Here JH 5 $ R =7x10° m 


2 
^ -30r ) dg am fet 
& (ete x7x 10 m/s". 


(b) Binding energy = energy required to disintegrate the system 
= present energy of the system 


=-1.—5 


- —24x$91x 102 5 x 1030 x 250 
6:67 x 105 
= —625x 1015 Joule. Ans: " 
4. When the increase in length produced by tensile force is equa? 
to the thermal contraction, the rod is freed from strain. 


elastic strain =L 2I 
Y HORDE A . 


Thermal strain —a A0 


a Wa of 
y4 "249, Or A8 do. 
2 10x98 -98 
2x10" x 5x 10-5x 10-5 
^ Temperature -27—9:8—17:2*C. Ans. 
(b) Let fbe the force per unit area with which the ring gripe? 
ever the wheel. Let a be its width and c be its thickness; 


ñ A0 
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Consider equilibrium of one half of the ring. Inward force=T+T 
= 2T where T is tension produced due to thermal contraction. 

Outward force - (xRxa) xf 

For equilibrium, 2T—zRaf 


Now T —tension —area X stress = (a x e)x(Yx strain) 
—(axc)xYxaA0 
(axc) YaA0—nRaf 
.YaA8c. 
J= TERRIS 


= 200 10° x 10 X170X°01 L 144x 108 N/m?. 
mX°75 


5. Let x be the instantaneous 
displacement at right angles to the 
line joining the two masses. Refer- 
ting to the figure, unbalanced force 
on m 


—2Fsin8 Fiol Fsin@ 


in the —ve direction of x | 
= —2Fsin6 
in the 4- ve direction of x 
X GMm x 
TF tg Nate Mat xn 
LL 2GMms . GMmx (yy <<a) 
(23-41-33)? a 
d*x 
M 
dix /— GM 
di a 
Thus ce cc — x and hence the motion is simple harmonic. 
2x GM 
Here @ = 
a3 


or T=2n GM 
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6. Let o be the actual angular velocity of the satellite from east 
to west and o, is the angular speed of the earth (west to east) 


we Orelative= 0— (— Oe) =O Fe 


or GQ-—Or— Oe 
By dynamics of circular motion 
2 
CMM — moóR, or o?— S (7 GM-gR?) 


or o= | 
R? 
or o= [2 
R? 


(n [10x64x 10124 4 T27 x 1075 


+@e 


23x 102: 
2x z 
Cee =7:27X10 s) 
( OA A 
05—22:6x 10-5--7:27 x 10-5— 30 x 10-* rad/s- 
| , 25 30x 10-* 
or :—2:09x 10! s—348 min=5 hr 48 min. Ans. 
salma? 
PEN IE. n, / me tele, Ans. 
(a) See Ex. 5. T= 2r, j -m14 mle + mil) 
T EUM cus oe 
(b) T= | os 2m TED 
When the elevator is at rest 
F 
T= = 10 
Dis: 2 2n 10 


= (ES or T=1'82s. Ans. 
8. See Exercise 19. 


p-MMees--- 
: LESSON 7 i 
n i 
! Topics : Rotational Dynamics » 
` Moment of Inertia H 
Y Conservation of Angular | 
q Momentum ! 


7.1 Rotational Dynamics 

Torque (t) . The moment of a force about a rotation axis is called 
torque. Asa vector, it is represented along the normal to the plane 
of rotation, that is, along the axis of rotation. 


Moment of inertia. The product of the mass of a particle and the 
square of its distance from the axis of rotation is called its moment 


ofinertia. Thus, 
I-mr? for a particle. 


The moment of inertia of 
arigid body is the sum of the 
moments of inertia of its consti- 
tuent particles. 


Tz mir? +m Hms + Sood 
-Xmr?. 

The importance of moment of 
inertia is that in rotational dyna- 
mics, it occupies precisely. the 
same position of mass 1n linear y a 
motion. It is a scalar, and has the dimension MZL?. Its unit 
is kg m?. 

rtia of a rigid body depends both on the 


The moment of ine id n 
distribution of its mass and on the position of the axis of rotation. 


Moment of Inertia of Bodies. 


The moments of inertia of bodies having simple geometrical 
Shapes are given overleaf for axes passing through the centre of mass 


in each case [m= mass of body]. isisa 
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i ANO eee ee e 
Shape of 


Body | 4*is of Rotation |Moment of Inertia Figure 
1. Thin rod| Perpendicular ml?/12 
to length 
2. Disc Perpendicular to imr 
plane of disc 
ex 
3. Ring Perpendicular to} mr? 


plane of ring 


4. Cylinder| Axis of cylinder 4 mr? 
5. Cylinder} Perpendicular t 
axis of cylinder" mA (304)) 


=. 


23 


S A 
hape of Body | Axis of Rotation | Moment of Inertia Figure 


6. Sphere Diameter $ mr? 
7. Spherical Diameter $mr 
shell (thick- H 


ness of wall 
is negligible) 


When the moment of inertia ofa body about a particular axis 
is known, it is sometimes possible to obtainthe moment of inertia 
about some other axis, using the two following theorems : 


Theorem of Parallel Axis of Moment of Inertia ; 


I-ILm4mh 
where I is the moment of 
inertia about any axis (4B), 
Imis the moment of inertia 
about a parallel axis (CD) 
through the centre of mass of 


the body, and A is the distance 


between the axes. 


378 COACHING AT YOUR HOME PHYSICS 


f Perpendicular Axes : 
Theorem o p ; L-L2, 


where z-axis is normal 
to the surface of the 
body and x and y axes 
are in the surface of the 


body. This theorem 


holds only for laminar 


y! bodies. 
Radius of Gyration : the 
The distance from the axis ofrotation of the point where 


whole mass of the body may be supposed to be concentrated for 
evaluating the moment of inertia of the body. Thus, 


T=mk? where k — radius of gyration. 
isc rotating about its axis, 

T—mr?[2 — mk? or k=r]/2. 
Rotational Dynamics : 


Example : For a d 


Rotational dynamics 


[ is exactly the same as the dynamics of 
linear motion, th 


e corresponding quantities being as follows : 
Rotational Motion 


Linear Motion 
Moment of inertia (I) 


Mass (m) 
Torque (1) - RET Force (F) 
Angular displacement (0) — Displacement (5) 
Angular velocity (»- 3) Velocity (v) 
EE [ar SM 


Angular acceleration S) Acceleration (a) 


et ee dioe] Hee Pues o n P mL MP. 
Angular momentum (L— Io) Momentum ( p—mv) 


- moment of momentum ——— 


Kinematics : 


0 Qp-F-af TWN v= de 
8 = og + 1/2012 S=ut+ iati 
@? — og! = 200 


y*—u?—2as ? 


` 
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Equation of Motion : 
— 
t=lo | F=ma 


Kinetic Energy : i 
T=4 Io* T=} my? s 


Work Done : 
ELSE E A SLT A T 
W — [1.d0 [ W — jF.ds. 


7.2 Principle of Conservation of Angular Momentum 


When no:external torques act on a system of rotating bodies, the 
algebraic sum of their angular moments remains constant. 
That is, L=a constant when free from externol torques. 


7.3 Rolling without Slipping 
_ When a body rolls in such way that the distance through which 
its centre of mass moves, any point on its circumference also moves 
through the same distance. If xis the distance through which its 
centre of mass moves and dis the angle through which a point onthe 
circumference moves then we say the body is rolling without slipping 
if . x=0.r Of Yem=OF- 

This also means that the point of contact has no velocity at any 
instant and it becomes instantaneous centre of rotation. 


CRITICAL QUESTIONS 


1. Can the mass of a body be considered as concentrated at its 
centre of mass for purpose of: calculating its rotational inertia ? 

Ans. No.' 

2. If two circular discs of the same weight and thickness are 
made from metals having different densities, which disc will have 
the larger moment of inertia about its central axis ? 


Ans. We have L=} my? and L-àimri. 
2 2 
2 2 
DAS Now m=nry2tPy=tre7tPo; 2”. Fave ea 
Ames Ts Py 


€ 


E h=, Thus Icl. 

Il; Pi p 

. Thus the one having greater density will have less rotationaj 
inertia. 

3. About what axis would a uniform cube have its minimum 


rotational inertia ? 
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Ans. About a diagonal, because about a diagonal the mass is 
more concentrated. 

4. Consider four bodies : a ting, a cube, a disc and a sphere. 
All the bodies have the same mass. The ring, disc and sphere have 
the same diameter, equal to the length of the cube on each edge. 
All rotate about their axes through their respective centres of mass.. 
Which one has the largest moment of inertia ? Which the smallest ? 

Ans. I (ring) — 1 mo? where a is the length of each edge of the 
cube, 7 (cube)= i ma, I (disc)— &ma?, I (sphere)= 1, ma?. 

Ti iyi Ig: Ty=1/42 1/6: 1/8 : 1/10=30: 20:15:12; 
Thus the ring has got the greatest moment of inertia and the sphere 
the smallest. } 

5. A person can distinguish between a raw egg and a-hard boiled 
ne by spinning each oné on the table. Explain. 

Ans. The hard boiled egg will continue to spin for longer 
period because of its greater moment of inertia. 

6. A wooden sphere rolls down two different. inclined planes of 
the same height but different inclines. Will it reach the bottom with 
the same speed in each case ? Will it take longer to roll down one 
incline than the other ? If so, which one and why ? 

Ans. The acceleration down an inclined plane is given by 


gm where k is the radius of gyration. 


r2 


wae of the plane)-; sina where s is the length of the 


Now, IE Sino, 
, S j =} aon 
lies 
h 1 g sina 
or ew 1 D 
Sina 2, yz U. or tf*sin'a—a constant 
1 Ty 
oF toc pal 
Sina 
Thus the greater the ti : indibsHontto 
the horizontal. time of descent the less is the inclinati 


y-26g—2.8 sina > h 
SE k? ` sina 
1+ 


res 
w e constant, or y d constant, 
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Thus it will reach the bottom with the same speed whatever 
be the inclination. 

7. A man, with two equal masses held at arms length, stands on 
a rotating table. If he moves the masses and puts them over his. 
shoulders, does this change his speed of rotation ? Explain. 


Ans. The only external forces acting on the system (man-+ 
table) is gravity and reaction of the ground, and those exert no 
torque about the axis ofrotation. Hence the angular momentum 
of the system is conserved about this axis. When the man puts the 
masses on his shoulder, the moment of inertia of the system about 
the axis decreases and so the angular speed of the system increases. 


g. A student stands on a platform that can rotate only about 
a vertical axis. In his hand he holds the axle of a rim-loaded bicycle 
wheel with its axis vertical. The wheel is spinning about the verti- 
cal axis with an angular speed oo, but the student and the platform 
areatrest. The student turns the wheel through 180?, that is, the 
axle of the wheel is held downward by the student. What happens ? 


Ans. The platform starts rotating with double the initial 
angular momentum of the wheel. To justify it let us consider 
‘wheel--student--platform’ as our system. The initial angular 
momentum of the system is Joo, where J, is the moment of inertia 
of the whee! about the vertical axis. Since there is no external 
torque on the system about the vertical axis, the angular momentum 
about the vertical axis must be conserved about this axis. Let 7 be 
the moment of inertia of ‘student--platform’ about the vertical axis. 
The angular momentum of the wheel about the vertical axis is 


now — Tovo. 
Let œ be the angular T 
principle of angular momentum conservation 
To@0= — 100 -Ho, or Io -— 2h96 
9. A diver can make several somersaults before striking water. 


Explain. 

Ans. Let us consider diver as a system and hislimbs as its 
components. When he leaves the diving board he has a certain 
angular speed oo about the horizontal axis through his centre of 
mass. Now there are no external forces acting on him except gra- 
vity, and gravity exerts no torque about his centre of mass. His 
angular momentum remains constant, and Iqi=Jo. When he pulls 
in his limbs, his moment of inertia decreases and consequently his 
angular velocity increases. s j 

10. Show that in course of diving the rotational kinetic energy 
of a diver, taking somersaults before striking water, increases. What 
is the source of this increased energy ? 

Ans. Since the diver is free from external torque about horizon- 
tal axis through his centre of mass, his angular momentum remains 


constant. Therefore Ajo, — Jo or — ley = Ta? 43 Be 


velocity of the platform. Then by the 
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When he pulls in his limbs, his moment of inertia about horizon- 
tal axis decreases. 


& Ich or len or xit». Io 
or 41a? ho. 


The source of this increased kinetic energy is the diver himself, 
who does work when he pulls the parts of his body together. His 
body energy is converted into his kinetic energy. 


11. If the polar ice caps melts and spreads uniformly, how. will 
the length of the day be affected ? 


Ans. When ice of poles melts the water formed would spread 
on the surface ofthe earth and so its moment of inertia would. be 
increased. By conservation law of angular momentum, the speed 
of rotation would be reduced, that is, the length of the day would 
be increased. 

12. A circular turntable rotates at constant angular velocity 
about a vertical axis. There is no friction and no driving torque. 
en ice-pan containing ice also rotates along with it. The ice melts 
zh none of the water escapes from the pan. Is the velocity now 
greater, the same as, or less than the original velocity ? Give reasons 
for your answer. 

Mem pos i accumulation of mass near the edge, moment of 
System inc i 

pid reases and so angular velocity of the system 

a edle order to get a billiard ball to roll without sliding from 

art the cue must hit the ball not at the centre but exactly at 


height 2R above the cent i i 
Explain this. ntre where R is the radius of the sphere. 


Ans. Let the ball be struck b 3 : 

y a horizontal force F at a height 

d ik the centre. Then torque exerted by it on the ball about 
entre is F. d. By the formula t=Ja, we have F.d— ;M R^ xa. 

Let a be the acceleration of the centre of mass produced by this 


force. Then F=Ma. F P ; aoe s 
anda=a,R: 7. FINE rolling without sliding we have v=oR 


14. A M d Go MR'xe or = MR. 

- A student stands on a turntable with a rim: loaded bicycle 

Mies EE oit the shaft of the wheel vertical andtin the beginning 

turn the eue of the turntable. Now the student is asked to 

d el in the clockwise direction relative to him. What 

P : the motion of turntable + student ? 

Tigao, pu (turntable + student) will turn in the opposite 

the angular mome n entire system is free from external torques, 

remains constant ai um of the system (wheel--turntable-|-student) 

ginis Haale, = zero. IfI—moment of inertia of turntable+ 
o moment of inertia about the vertical axis of rotation 
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ofthe table and oy—angular velocity of rotation (relative to the 
earth) then Iyjo94-Io—0 
or o= Toto 3 
Ti 
Note. This is a case similar to recoil of gun when a shot is fired 
from it. This is called rotational recoil. 
15. The melting of polar icecaps is supposed to be a possible 
cause of the variation of the earth’s time of rotation. Explain. 


Ans. A liquid of given mass has less inertia for rotational 
motion than the same mass of solid because a liquid cannot sustain 
shearing force. It always tends to move translationwise. Hence 
melting of icecaps results in reduction of rotational inertia of the 
earth and hence angular speed of rotation of the earth increases 
or time of rotation decreases. If water spreads uniformly, the 


result will be as in Ex. 11. 
16. Many rivers flow toward the equator. What effect does the 
sediment they carry to the seas have on the rotation of the earth ? 


Ans. The sediments are carried away from the axis of rotation 
se of rotational inertia of the earth by this 


and so there is increa 1 
the rotational speed is decreased. 


action of the rivers. So 

i7. A student holds a heavy, rim-loaded rapidly spinning bicycle 
wheel in the horizontal direction. If he is asked to tilt the shaft 
upward a little, in what direction does he experience torque due to 


the spinning wheel ? 

Ans. The angular momentum as a vector is always perpendi- 
cular to the plane of rotation, so in the beginning the angular 
momentum vector is horizontal. | When he tiits a little, the angular 
momentum of the same magnitude makes a small angle with the 
horizontal. The change in D is vertical upward. The correspondin: 
d tend to turn the shaft to the left of the student. e 


torque woul nth 
t a torque to his right to keep the shaft inthe tilted 


he must exer 
position. 
18. A cylindrical drum, pushed along by a board from an 


initial position shown in the 
figure, rolls forward on the 
ground a distance 1/2, equal to 
half the length of the board. 
There is no slipping at any 
contact. Where is the board 
then? How far has the man 
walked ? 


N 
ya E 
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Ans. Since there is no slipping, the points of contact are 
instantaneous centres of rota- 
tion of the cylinder. Thus, if 
X is the displacement of the 
centre of mass (and therefore 
of the ends as well) of the 
board, the displacement of the 
centre of the cylinder is x/2. 
So if the centre of the cylinder 
is displaced by 4/, then x/2= 
3/orx=/. Thus the board will be displaced by /. The position of 


the board is as shown in the figure. The man walks through a 
distance /, 


19. A yo-yo (a double disc System joined by a short light tube 
at the centre) is resting ona horizontal 
table over which it can roll without 
Slipping, A string wound several 
round on the short tube is pulled by 
a force. Three directions of the force 
are shown in the figure. F, is hori- 
Zontal to the right, F, tangential to 
the tube and Passing through the 
Point of contact O and F; at inclina- 
tion greater than that of F, with the 
horizontal. What is the direction of 
motion in each case ? 


Ans. When a bod 


Y rolls without slipping, the point of contact 
ntre of TOtation. When the force passes 
fact, the moment of the forces about the 
any ea hi Pi T zero. Therefore, if the Spool was at rest 

€ about O and, consequently, it will not 


L t " . . 
€t 0 be the Inclination of the thread in the second position with 


the horizontal. Then cosg— 7 
K 
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20. A sphere of radius R rolls 
without slipping on a horizontal road 
A, B, Cand D are four points on D 
the vertical line through point of 
contact. What are their translational 
velocities ? Velocity of the centre 
of mass iS Vem. 


Ans. The velocity of any point 
of body ‘rolling+sliding’ is the 
vector sum of the velocity of the T 
centre of mass plus the velocity 
due to rotational motion. 


YyA—Yemm—oR-0 — ("Yom —- oR when there is no slip) 
R Yem al 
Ja 7 Yom — 5 = Vem m 2 Yem 
R Vem _ 
Yo=Vem+—5—=Vem + = =3 Vem. 


Vp=Vem HOR =Vem+ Vem =2Vem- 
21. If a string is wound round a cylinder and it leaves the 
cylinder tangentially at A, what is the speed at which the string 


leaves the cylinder ? 
Ans. It leaves the cylinder with the speed of the point A which 


is 2v, when there is no slip. 
OBJECTIVE QUESTIONS 
" flength 1 m and mass 4 kg rotates at angular speed 
6 Ae ane of its ends. The kinetic energy of the rod is 
(a) 1 joule, (b) 2 joule, (c) 3 joule, (d) 4 joule. 
Ans. (c). T=} Io?=4(} ml)? 0° = 1/6x 3x 1? x 6?=3 joule. 
[Use theorem of parallel axes to obtain J=4 ml? about one end.] 
of mass 2 kg and radius 5 cm rolls without slipping 
Ee d ocu plane. The velocity of its centre of mass is 10 
cm/sec. The kinetic energy of the sphere is 
(a) 0:07 J, (b) 0:014 J, (c) 0:025 J, (d) 125 J. 
—3419? c3 my? a i 1 
Ans. (b). ss i mr and y=ar as it is rolling without slipping, 
I=, m= X2x ‘= "014 J. 
3. The torque required to stop a wheel 5x 10-? kgm? from a 
speed of 20-rad/sin 10 s is 
(a) 1 Nm, (b) 1 Nm, (€) 6! Nm, (d) 001 Nm. 
Ans. (c) From o=oo+2t, 20 — 0--a.10 or a=2 rad/s?. 
From t=, 1—5xX10?x22:01 Nm. 


C. Y. H. PHY—25 


as 
An b 


Ñ 
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4. A sphere of mass 10 kg and radius “5 m rotates about a 
tangent. The moment of inertia of the sphere is 3 
(a) 5 kgm?, (b) 277 kgm?, (c) 3:5 kgm?, (d) 45 kgm?. 
Ans. (c). Ttangent= Mr*--Mr*-i Mr? = 7x10x°5x°5S 
=3°5 kgm?. j 
5. If J, is the moment of inertia of a thin rod about an ex 
perpendicular to its length and passing through its centre of mas 


and 7, is the moment of inertia of the ring formed by bending the 
rod, then 


(a) 5: h-1:1, (b) 7, : Ig=n? : 3, 
© hih=n:4, (d) L:h-3:5. 
IN 
Ans. (c). n=} ml? and J,=m £) 
B ml 4m r? 
TRAA MBA 


6. The radius of 


gyration of a thin rod of length / about an axis 
passing through one 


of its ends and perpendicular to it is 
= [2 l fi 
(a) 1/2, (b) zy © va 0x. 


Ans. (b). 

7. Consider a body consisting of two spherical masses of 8 kg 
Sach connected by a light rigid rod 1 m long. Treat the spheres 
as point particles and neglect the mass of the rod, The moment 
of inertia of the dumbbell about an axis normal to it through its 
centreis (a) 16 kgm?, (b) 4 kem?, (c) 8 kgm?, (d) 12 kgm. 

Ans. (c). 


EXAMPLES 


, 1. Two masses m, and m, are connected by an in extensible 
hf thread passing over pulley of mass M and radius R. Calculate 

© common acceleration of the masses and the tensions in the verti- 
cal portions 7 


of the string. 
Sol. Considering downward motion of mı we have 

t Me M T,—m; g=m,a e 0. 

Onsidering upward motion of m, 

m: §—T,=m, a 

1 motion’ of the pulley (a disc) 
tT=TR-T,R=(3 MR’) xa -. (iii) 
acceleration of the pulley. 


Considering ‘rotationa’ 


(ii). 


where a is angular 
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ail a0 
(T,- T)R- 5 MRX x 


or T,—T,—3 Ma ++ (iv). 
Solving (i), (ii) and (iv) for a 
— (mn -m)g 
Riera T: e MN 
(meme Ar p 
_ 2mgnmig-5m1M. dn 2myms--3miM. Ans. 
D mebmeriM 575037 mom + HM 


Note. Note carefully here how on neglecting the mass of the 
pulley, these formulae are reduced to the simple case which we con- 
sidered earlier. 


x i i i is first spinned about its axis to 
the xu eI laced with its flat face on 
a horizontal surface. How long will the disc be rotating on the sur- 
face if the friction coefficient is equal to H ? 

Sol. Consider a ring of the disc of radius x and thickness dx. 

The frictional force on the ring 

=X (mass) XZ = u(2nxdxP) g 


where pis the surface density of mass 


M 
=u, 2nxdx. aR: © ~ gm xdx. 
2Mgu = 2MgM yen, 
Torque of this force =( m xd xx Rr ea 


R 2 
2Mgu = 7 MguR. 
Total torque =| EU xtdx 3 gu 


0 


Let a be the angular retardation produced. 


1 _ 4 ug 
Then i MguR= 73 a, or m 
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From o—o,tef we have, PESCE 
SUR 
OD DR Ans 
Aug 


*3. A uniform solid cylinder A of mass m; can freely rotate about 
a horizontal axis fixed to a mount B 
of mass m, (see figure). A constant 
horizontal force is applied to end P 
ofalight thread lightly wound on the 
cylinder. The friction between the 
mount and the supporting horizon- 
tal surface is supposed to be absent. 
Find the acceleration of this point 
P and the kinetic energy of this 
system 1 seconds after beginning of motion. 

Sol. Let x and xem be the displacement of the point P and the 


centre of mass O of the cylinder and 0 is the angle of rotation of the 
cylinder. Then 


X—Xem= R0 or x = Xena RO) 


a — cg — Ra where a= x —acceleration of P 
TIN acm — acceleration of O. 
Considering linear motion of the system, 


F — (m, 4- ms)acm. GG 6D 
Considering rotational motion of the cylinder, 
t=F.R=(4m,R)xa 


or 1 a— d, 
ERU A peee 
G mR) x R 


oe F=} m,(a— acm) .. Gi) 


Eliminating acm between G) and Gi) 


a= EGm + 2m), Ans. 


my(m,4- ms) 
T (kinetic energy) — work done by external forces 
—ES-F( at?) C5 5-044 at?) 
oe T a 2m) Er Ans. 


2mı(mı +m) 
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4. The arrangement shown here consists of two identical uni- 


form solid cylinders, each of 
mas m, on which two light 
„threads are wound symmetri- 


cally. Find the tensions of 
each thread in the process of 
motion. The friction in the 
axle of the upper cylinder is 
assumed to be absent. 


Sol. Let the cylinder go 
down by x when the upper 
Cylinder A rotates through 0 
and it itself rotates through 
9'. Since both cylinders un- 
wind themselves 


x-—R(0--0), or x =R(¢ +0), or a=R(a+a') 
where a= downward acceleration of B, 
a=angular acceleration cf A 
a’ —angular acceleration ot B. > ^ 
Considering rotational motion of A, t=2TR=(} mR?)Xa 


or a=— 


R 
Considering rotational motion of B, «-2T.R-($ mR?) xa’ 
E 
=": 
Considering downward motion of B, mg —2T—ma 


or a 


f 4T , 4T 
or mg—2T=mR(a+a')=mR. (44 


or mg —2T —8T, or 


5. A uniform solid cylinder of ma 


Planks. A thread is wound on 
the cylinder. The hanging end 
Of the thread is pulled vertically 
down with a constant force F 
(see figure), Find the maximum 
magnitude of the force F which 
Still does not bring about any 
Sliding of the cylinder, if the 
Coefficient of friction between the 
Plank and the cylinder is equal 
tou. What is the maximum acce- 
leration of the centre of mass over 


= yo mg. 


Ans. 
ssm rests on two horizontal 


the planks ? 
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Sol. The forces acting on the cylinder are: (i) mg, downwards, 
(ii) F, applied force downwards, (iii) N, reaction of each plank up- 
ward, (iv) fr, frictional force (not limiting) between each plank and 
the cylinder to the right. 

Considering vertical motion, F+mg=2N Em (E 

Considering horizontal motion, 2f,—ma .. (Qi) 
where a is the horizontal acceleration of the centre of mass of the 
Cylinder to the right. 

Considering rotational dynamics of the cylinder about its axis, 


t=F. R-2f,R=(4 mR3)xa 


or (F-3f)R- 1. mR? x A (609 SER 

or F—2f,—3 ma DT 

or F=} ma+2f,=% ma - (i 
Le 2f-=ma by (ii) 

or F-3f, el Qv). 

Now, fr& fum or frseN Ce fum -uN) 

9E i Feu Teme, or 2F<3uF+3umg 

3um, m, 
or F. g ; — 3umg 
<S 2S <. Fmaz 3—34 Ans. 


When the force is maximum, acceleration is automatically 
maximum. 


to 6. A uniform sphere of radius r rolls without slipping down the 
att ofa sphere of radius R. Find the angular velocity of the sphere 

© moment it breaks off the sphere. The initial velocity of the 
Sphere is negligible, 


Sol. The centre of i erti : 
of radius (Retr), of mass of the sphere moves in a vertical circle 


Consider; 8 X t 
Onsidering ‘dynamics of circular motion’ of the centre of mass 


we have 


mg cos0— N= ua 
SERE R+r 
When it breaks off =0. 


At the point of breakeow 


2 
mg cose = "v" _ mor? C 


EPA v=aor). 
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Considering conservation of energy 
mg(R+r)=mg(R +r) cosd +4 my*--3 Io? 


or mg(R+r)=mg(R+r) cos0 +4 mo?r?--3 (2 mr2)a* 
mor? , 7 2.2 
= e+ mor 
or mg(R+r)=(R+7r). Qr ^10 o 


17 10g(R+r) 
or g(R+r)= i5 or? or a=,/~ 177 ^ Als. 


*7. A uniform solid cylinder of radius R rolls over a horizontal 
plane passing on to an incli- 
ned plane forming an angle 0 
with the horizontal. Find the 
maximum velocity of the centre 
of mass v, which still. permits 
the cylinder to rollon to the 
Inclined plane without a jump. 
The cylinder rolls without 
Sliding. 


Sol. By conservation of 
energy we have 
mw Io®+mgr=t mv?+} Io'?--mgr cos. 


Since 7=3 mr? and v —or and v' —o'r as the cylinder rolls with» 
Out sliding, 2 mv? +mgr —$ mv'?--mgr cos. 
Considering circular motion of the centre of mass of cylinder 


my”? 
about O (point of contact), mg cos)—N=—_. 


my”? 
It will not jump so long N>0 or mg cos02.—— 


y 
or g cosh — 
er gr cos0zvo.--$ gr —$ gr coso 
or Z gr cos0—$ gr>Vo> OF Yo <3 gr(7 cosd—4) 
or yo Vi gr(7 cos0—4) 


Vomar) = V 8 gr(7 Gaii 4) . Ans. 

*8. A small mass m is attached to the inside of a rigid ring of the 
Same mass m and radius R. The ring rolls without slipping over a 
horizonta] plane; at the moment when the mass m gets into the 

Owest position, the centre of the ring moves with velocity v,» At 
what value of y, will the ring move without bouncing ? 


392 


1 
2 


my? + 
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(oy 


= mR. Ie = mv 44k. Kà 


Sol. From the energy con- 
servation between the lowest 
and highest position of the 
mass we have 


wri! 


t 


e 3 myo? + 3(mR?)ag?-+-mgR 
+4 m(vo— oR)? 
=1 my? +3(mR®)o"? +mgR 
+3 m^ -Fo'R? + mg2R. 


As the ring rolls without slipping 


Yo=@ oR and v'—-o'R 
2 
RE 
+4 m. 4y'24+2mgR 
Vo? = 3y'2-++2gR. e) 


When the mass is at the highest position, it moves instantane- 
ously in a circle of radius 2R about the point of contact O' as it 


becomes the instantaneous centre of rotation and the centre of the 
ring moves in a circle of radius R about O'. 


ward. Let WN’ 


Let N be the reaction of the ring on the mass m and it is down- 
be the reaction of the ground on the ring. Then 


considering instantaneous circular motion of the mass m and the 
centre on the ring we have 


or 


or 


or 


Neme=m, Qr 
LY 


and 


12 m 
or N-+nig ime m (ii) 


D 


N+N'—mg=m x .. (ii). 


The ring will not bounce so long 


2mg >” 
R 


Subtracting (iii) from (ii) to eliminate N ; 


dmg -N'— YT .. (v) 
N'z0 


or v2<2gR or 3y?«6gR 


Y —2gR«6gR 
Ye x:8gR 


[using (i)] 
Or Yos 4/ 8gR 
Vo(maz) — V 8g R, Ans. 
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*9. A billiard ball, initially at 
rest, is given a sharp impulse by 
a cue. The cue is held horizon- 
tally a distance h above the 
Central line (see figure). The 
ball leaves the cue with a speed 
v% and, because of its forward 
“rolling + sliding’ eventually acqu- 
T a final speed of ? vy. Show 

at 


h=4 R, where Ris radius of 
the ball. 

Sol. After the ball leaves the cue, the forces acting on the ball 
are : mg downward, N reaction upward and frictional force uN in 
the forward direction. Due to frictional force the linear velocity 
gradually decreases and: the angular velocity increases till the ball 
starts ‘rolling without sliding. We have from dynamics of linear 
motion, umg — ma, or  a-wug 

"o V=VW— at= Vv — Hgt. 
From consideration of rotational motion, t=ŁmgR=§ mR? Xa 


= Sug 
or a= ZR . 
F K Sug 
rom o=0 4 af, o=0+ 5R t 
. ug 
D ay ey 


When the ball starts ‘rolling without sliding’ 
y -oR, or v=} gt. 
When the ball rolls without sliding 
2 y Ins 
V=Vo— HB. -5 ig or = = Vor 
At this stage (when there is ‘rolling without slipping’), the point 
of contact is the instantaneous centre of rotation. The velocity of 
a point distance / above the central line is v+o.h. This is $ vo. 


v+oh=$ vo or vt h- Yo (e: o-r) 
or y (-2)-7 Yo 
h 9 oh 5 
or Sn (14 p)=F% (3 YE ») 
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Ao 543#=9, or b= ER. Proved. 
10. A stick of length / lies on horizontal table. It has a mass 


M and is free to move in any 


/ 7 way on thetable. A ballof 
/ "d mass m, moving perpendi- 
A 0, 2 B cularly to the stick at a dis- 
7 c 7 tance d from its centre with 
ip A icall 
/ v speed v collides elastica y 
í r^ with it What quantities are 
y 


conserved in the collision ? 
: ` What must be the mass of the 

ball so that it remains at rest immediately after the collision ? 
Sol. In the coll sion linear momentum of the system (stick 

+ ball), angular momentum and kinetic energy are conserved. 
From conservation of linear momentum, my=MV 2-1) 

From conservation of angular momentum, 
myd — Io 

(before collision angular momentum of m is mvd. This is from the 


fact that moment of momentum is also angular momentum). 
From conservation of kinetic energy, 


3 mv? =} Io? +3 My? 


2o; myd? m?y? md? m 
or my=T, B MES or T ores 
Now, I= 5 MB, s q= md ,m  l2md? , m 


or 55 MI? 


11. A planet of 
(mass ms) so that i 
are equal to r, 
of this planet r: 


mass m moves along an ellipse around the sun 

a a maximum and minimum distances from the sun 

E „ra respectively. Find the angular momentum L 

elative to the centre of the sun. 
Sol. . 

the maximum dista sees ep entum is also angular momentum. At 

fo the postice ots e planet its velocity is at right angles 


^o L=mrw=mrav e). 
By the ‘energy conservation Principle’ 
> 
gms, 1 


I mvy2=—Gmm 
ri a me nae e. my, 


Ua 
No) 
EZ 
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oF Gis Foe) aan eed ears 
rae es 


rs m mr? 
E 2 2. p.a 
or Gmm, 2 md dE ( Tuts 
Tila 200m TiTa? 
2Gm2mer 2Gmsrive 
Le=2CmM?Ms or pom rare Ans: 
ritro : dig 


12. The axis of a cylinder of radius R and moment of inertia 
about it axis 7 is fixed at O. —— v. 
Its highest point A isin level : 
With two plane horizontal 
Surfaces. A block of mass 

4 isinitially moving to the 
Tight without friction with 
Speed y,, It passes over the cyli 
culate the speed vsin the dotte: 
acquired by the cylinder. 

Sol. Let us consider conservation of angular momentum of the 


System (cylinder + block) about the axis of the cylinder. We have A 
. MwR-Iod-Mv,R (making use of the fact that moment o 
linear Mionienun AUS. a point is the angular momentum about 


that point). 


nder to the dotted position. Cal- 
d position and the angular velocity 


But Ya — oR 
y. 
d My,R= i ++ My2R; or UL Sa Ans. 
1+ 
Ys — 9 . Ans. 


SEE CHRI aT 
T. m) 

1 on the edge of a horizontal uni- 
quee ae pp vu nm R which is capable of rotating 
reely about a stationary vertical axis passing through its centre. 

€ man walks along the edge of the disc through angle 0 relative to 
the disc and then stops. Find the angle through which the disc 
turned by the time the man stopped. 

Sol. Just as in linear motion if no external force acts on system, 
the centre of mass initially at rest remains stationary, so also in 
Totational motion, if no external torque acts on the system, the 
entre of rotational inertia initially at rest remains stationary. 


€ centre of inertia is given by similar formula 


T1504 4-105. cf, xep = TEM aXe 
Og = 1 —;5 ah cm Took 


PESO 
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Let 0, be the absolute angle of rotation of the man and 0 be 
that of the disc. Then 


0=0;— 02 AD 0, — 01-05 .. (i). 
Since in the beginning the system is stationary, «= 0. 
“ho +1,02=0; or (m,R2)(0-+ 02) + (27712 R®)02 = 0. 
2mj(0--05) +7728. = 0; or 0,— — LP  Q Ans. 
2m, ms 


*14 A uniform rod of mass m and length / rests on a smooth 
horizontal surface (see figure of prob. 10). One of the ends of the 
rod is struck in a horizontal direction at right angles to the rod. As 
a result the rod obtains velocity vy. Find the force with which one 
half of the rod will act on the other in the process of motion. 


Sol. Since moment of momentum is also angular momentum, 
L (angular momentum acquired by the rod about its centre) — Jo 


pi I 
=MVoX > 


On p Je-m» UP GR OS Se, 


i The two halves of the rod will exert on each other the centripetal 
orce needed for their circular motion. Consider an element at & 


distance x and of thickness dx. Mass of the clement - (4s). 


-. Centripetalforce on the clement=(dx)ats. 


i 


“+ Total centripetal force on one half— Vasa 


or F (force exerted b j 
y one half on the other)= jm. SE 


2 
= ye. Ans. 
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EXERCISES 

1. A light thread with a body of mass m 
tied toits end is wound on uniform solid 
cylinder of mass M and radius R. At the 
moment t=0 the system is set in motion. 
Calculate the angular velocity of the cylin- 
der at time t and the kinetic energy of the 
whole system at that time. 


2. In the system shown in the figure, the masses of the bodies 
are m, and m, the coefficient of 
friction between the body m, and m 
the horizontal plane is equal to H, 
and a frictionless pulley of mass 777 iU 
m is assumed to be a uniform disc. 1 
At the moment £—0 the body Ma | 
Starts descending. Find the work : 
done by the frictional forces act- - 
ing on body m, over the first t 2 
seconds after the beginning of the 
motion. 


der of mass m 
=1'3 cm starts 
0 due to 


gravity. Find the tension in, each 
thread and the angular acceleration of 
the cylinder. Also find the instanta- 
neous power developed by the gravi- 
tational force. 


. 4. A spool of thread of mass 7 
is placed on an inclined smooth 
plane set at an angle 9 to the hori- 
zontal. The free end of the thread 
is attached to the wall as shown in 
the figure. Calculate the accelera- 
tion of the centre of mass of the 


Spool, if its moment of inertia about 
its axis is J and the radius of. the wound thread layer is r. 


*5 A uniform solid cylinder of mass m and radius R is set in 
rotation about its axis With an angular velocity ao, then lowered 
onto a horizontal surface and released. The coefficient of friction 
between the cylinder and the plane 1s equal to n. Find : 

(a) how long the cylinder will move with sliding, 

(b) the total work done by the sliding friction force acting on 


the cylinder. 


3. A uniform cylin 
—8 kg and radius R 
descending at the moment t= 
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6. A uniform sphere. of mass 
m and radius r rolls without slid- 
ing over a horizontal plane, rota- 
ting a horizontal axle. In the pro- 
cess the centre of mass of the 
Sphere moves with velocity v along 
a circle of radius R. Find the kine- 
tic energy of the sphere. 


*7. A thin uniform rod AB of mass 
m and length / is rigidly attached at its 
midpoint to a rigid rotation axis OO’. 
The axis is set into rotation with a cons- 
tant angular velocity o. Find the result- 
ant moment of the centrifugal force 
about the point C where the rod is atta- 
ched to the axis. The inclination of 
the rod AB to the axis of rotation OO’ 
is 0. 

8. A smooth uniform rod AB of mass M and length / rotates 
freely with an angular velocity og in a horizontal plane about a 
Stationary vertical axis passing through its end A. A small sleeve of 


mass m starts sliding along the rod from the point A. Find the velo- 


city v’ of the sleeve relative to the rod at the m : E 
other end B. oment it reaches th 


*9. A thin uniform square plate with side / and mass M can ro- 
tate freely about a stationary vertical axis coinciding with one of its 
Wem small ball of mass m flying with velocity v at right angles to 
eal ate ke elastically the centre of it. Find the velocity of the 

n * after the impact and the horizontal component of the force 

w ich the axis will exert on the plate after the impact. 
Ae DAD horizontal discs rotate freely about a common vertical 
dup REM Tough their centres. The moments of inertia of the 
veloute ive to this axis are equal to 1, and J,, and their angular 
are œ, and os. When the upper disc fell on the lower one, 


both disi A a s 
DE Meran rotating, after some time, as a single body due to 


(2) the steady-state an 1 
gular velocit 
(b) the work performed by the fri 


11. The moon (mass m) revolve: 
s about the earth (mass M) so we 
alva sera, Same face of the moon. (a) How are the fois and 
orbital angular momentum of the moon (with respect to earth) 


related? (b) By how much will its spi 
change if we were to be AE en 3 spin angular momentum have to 


e * . 
the course of a month ? Take rm all the moon’s surface during 


y of the discs; - 
ctional forces in the process. 


-radius o EE 
tance of the moon from the centre of the seine moon and d=dis 
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TEST YOURSELF 


1. Answer the following questions— 5x3=15 

(i) Consider a small merry-go-round of radius 4 m and mass 10 
kg. The moment of inertia about its axis of rotation (mass concen- 
trated on the rim) is 

(a) 40 kgm?, (b) 160 kgm?, (c) 80 kgm?, (d) 60 kgm? 

(ii) Two identical dumbbell of length / are fixed at their centres 
at inclination 6, Each dumbbell consists of two masses, each mass 
equals to m. The moment of inertia of the system is 

(a)m*cosó, (b) 2ml?,  (c)4mPsino, (d) mi2. 

(iii) A hollow sphere, a ring, a disc and a solid sphere, all of the 
Same mass and radius, are allowed to roll without slipping down an 
inclined plane. The one which reaches the bottom first is (a) the 
hollow sphere, (b) the ring, (c) the disc, (d) the solid sphere. 

(iv) In the above example the one which will have the greatest 
Speed on reaching the bottom of the plane (all cover the same dis- 
tance down the plane) is (a) the hollow sphere, (b) the ring, (c) the 


disc, (d) the solid sphere. 

(v) The dimension of moment of inertia is 

(a) MLT, (b MD, (O MLET,  (d)MLT3. 

2. Answer the following questions— 5x3-215 

(i) Is angular momentum of a system conserved always ? If not, 
Under what conditions ? 

(ii) If the atmosphere suddenly condenses into a solid mass as 
thin layer on the aeie of the earth, what effect would be on the 
Sarth's time of rotation about its axis ? 

(iii) A metre stick, half of which wood—the other half steel—is 
Pivoted at the wooden end and a force is applied to the steel end. 


Next it is pivoted at the steel end and the same force is applied at 
the wooden end. Does one get the same angular acceleration in each 


Case ? Explain. 
(iv) A Spinning top stands erect, but the one not spinning falls. 
Why ? 


(V) When a wheel rolls without slipping, if vem is the speed of 
the centre of the wheel, the velocity of the highest point is 2 vom. Is 


1t true ? Explain. 
Answer any five questions— 5x 20=100 


. L (a) A body of radius R and mass m is rolling horizontally 
Without slipping with speed v. It then rolls up a hill to a maximum 
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height h. If h= z, what might the body be? What is the 


body’s rotational inertia ? 


(b) A sphere rolls up an inclined plane of inclination angle 30°. 
At the bottom of the incline the centre of mass of the sphere has 


translational speed of 5 m/s. How high does the sphere travel up 
the plane ? 


2. (a) A small solid marble of 
mass m and radius r rolls without 
slipping along the loop-the-ioop as 
shown in the figure. If it starts 
from rest ata height of 6R above 
the bottom (R=radius of the circu- 
lar track) what is the force (hori- 
zontal and vertical components) 
acting on it at the point Q ? 

(b) A 10 m long ladder rests against a wall and makes an angle 
of 60° with horizontal floor. If it starts to slip, where is the ins- 
tantaneous axis of rotation ? 


3. (a) A cylinder of mass 30 kg 
and radius 10 cm has a light thin 
tape wound around it. The tape 
passes over a light, smooth fixe 
pullyto a 6kg body. Find the 
tension in the tape and the linear 
acceleration of the cylinder up the 
incline, assuming no slip. 


. (b) A metre stick is held vertically with one end on the floor and 

is then allowed to fall. Find the speed of the other end when it 

hits the floor, assuming that the end on the floor does not slip. 

of ae) a BILE ball is struck by a cue. The line of action 

ra E impulse is horizontal and passes through the centre 
all. The initial velocity of the ball is vy. If ris the radius, 


M is the mass and u is the coe i 
oeffi 
cient of friction between the b 


nae: find how far the ball moves before it ceases to slip on 


o A hoop of radius r rotating with an angular velocity o is 
placed on a rough horizontal surface. Find the velocity of tbe 
centre of the hoop when it ceases to slip. At the initial moment the 
velocity of the centre of the hoop was zero. 
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5. (a) A spool (consider it as a double disc system joined by a 
short tube at their centre) is 
placed on horizontal surface. 
A light string wound several 
times over the short connec- 
ting tube leaves it tangentially 
and passes over light pulley. 
A weight of mass m is atta- 
ched to the end of the string. 
The radius of the connecting 
tube is r and mass of the 
Spoolis M and radius is R. 
Find the acceleration of the 
falling mass m. Neglect the mass of the connecting tube and 
Slipping of the spool. 


(b) In a playground there is a small merry-go-round of radius 
2m and mass 10 kg. The radius of gyration is 1'5 m. A child of 
mass 30 kg runs at a speed of 5 m/s tangent to the rim of the merry- 
go-round when it is at rest and then jumps on. Neglect friction and 
find the angular velocity of the merry-go-round and child. 


6. (a) A spool (a double disc 
System connected by a short tube 
at the centre) of mass M and 
radius R lies on inclined plane. A 
light thread is wound on the con- 
necting tube of the spool and its 

Tee end carrying a weight having 
Mass m is thrown over a weight- 
less pulley. Determine the angle 
Of inclination ‘a’ of the plane to 
the horizontal at which the centre of gravity of the spool will be at 
Test. 


(b) Calculate the kinetic energy of a tractor crawler belt-of mass 
m if the tractor moves with velocity v. There is no slipping. 
Full marks 100 Your score 


Answers to Exercises 


L. 2mgt _. p "8t og yy ns —um)mg , 
9—QmiM)O? ^ 2m4M ji (m +m: Hm) 
A gsino 
3. $8: $ mg; $ me't. 4. A NUI? 
mr? 


5. t= oR, eb 2R2, H ls 2 2r 
Bug? Weriction goo 6. T 197 cue. b 


C. Y. H. PH.-26 
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1 zs [i 
7. z-mo?l*sin28. Ba) ES am 
24 ur 
1+ M 
9, 3n-4M ,. ELA (lice 
` 3m+4M * (m 1 
3m 
I. Il, n 
10. oc pts , Wyrictton= a aes A (01 — 99)*. 


2 
u. (2 t 
Answers of Test Questions 


1. @) -R.. (b)*6m. 


V2’ 2. (a) 3 mg, 5? mg, (b) 5m, 5/3 m- 


3. (@) 34 mist (b) S4 m/s. 4. (a) 2 s (b) oor. 
3. (a) a= 2gh Ru (b) 7:27 rad/s. 
2m+-3M( R=) 


6. (2) Sues 


1 
3 (b) my?, 
M 
Ret 2m 


Solution to Exercises 


1. Considering linear motion of m we have (i). 

mg—T=ma gu 

tion of the cylinder 

t=TxX R=(4MR)Xa ay 

Addi (i) and (i T=}MRa. SU 
ing (i) and (ii, = , 

Bate iue (i) ^ mg=ma+4MRa 


Considering angular mo 


Ll. 2mg 
Im+M UU = EMDR 
From ®=ao+at, m= 04 2mgt 
(2m+M)R 
or oz. 2mgt 


Qm MR . áns. 
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T= AA 4mo®R? +44 MR?) o? Cr v—oR) 
=} R (2m+M) 


au 4m?g?t? R? m+ M 
4 Oma MPRE tM) 


THE 
or T= Qm-- My Aus. 


2. Since the mass of the pulley is not negligible, the tensions in 
the horizontal and vertical portions of the string are different. Let 
hem be T, and Tp. 


Considering motion of m, — T,—umg-nm;a e @ 
» » a» Mo msg — Ts — mso. s) 
" i » pulley, *—Tsr—Tyr—-(àmr?)x a 
Or h- T,-Àmr xa[r C^ a-ar) 
or T,- Ty=4ma SRCI) 
Solving (i), (ii) and (iii) for a 
_(m,=hmy)g — 


(m +m +4m) 
By ‘work-energy’ theorem 
Tas + Wrrictton -imy* 
Wiyriction 7 3mi (2as)— Tis — mas — (ung A-mia)s 
-—Wmgs 


Or 


(m, —umi)gt? 
or Wrictton — — Bmg (0 +4.ar*) = img. (mtm, +4m) 


ms — ums)msg?t? 
or Wrictton= — . Ans. 


3. Considering linear motion of the cylinder, 
mg—2T=ma oo {dp 
Considering rotational motion of the cylinder, 
1=2T.R=(4 mR’) xa. 
But a—aR, s 2T7.R=(4 mR?) Xa/R 
or 4T=ma en (t): 


Solvi i a= g. Ans. 
olving (i) and (ii), Tai Mp 


: $: 2g 
P (power) — force x velocity ^ mgv —mgoR mgR (3 A ) 


“+ o=0tat=2 & 
( o=0+at 2 


or P=% mgt. Ans. 


404 COACHING AT YOUR HOME PHYSICS 


4. Here the forces acting on the spool are : (i) mg downwards, 
(ii) T, tension of thread up the plane. There is no friction as Hr 
plane is smooth. Let the centre go down the plane by x when the 
spool rotates through 0. Then 


x=r6 or x r0 
or a=ra 


where a=acceleration of the center of mass of the spool down 
the plane and a is the angular acceleration of it. 


Considering its rotational motion, 1—Tr-lo 
or Trade. z ü) 
F 
Considering its linear motion down the plane 
; A Ja _ 
mg sino—T-—ma, or mg sind — =ma 
sing 
or a= a Ans. 
= 
tm 


... 5. The forces acting on the cylinder are: (i) mg, downwards, 
(ii) N, reaction upward, (iii) HN, sliding frictional force. 


Considering linear motion, KN =ma where a is the forward acce- 
leration produced by friction, 


and N-mg; umg — ma, or a—ug Bb. ©): 
Considering rotational motion about axis of the cylinder. 
v—umgR-—(X mR?) xa 


or ac 208 


Gi). 


So long it slides ażaR i i its jli elo 
CEU E nE #aR. As the cylinder slides, its jlinear V 


angular velocity decreases till v becomes equal w 
OR. Lett be the time in which v becomes equal to oR. 
From 0 — 0, taf, odnie 2ug t .. ii) 
R 
From = i 
Now ui du . Gy) 
2ugt 
ugt=( o, — 28 
(s. R )^ 
or ligt =0R— 2ugt, 
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By work-energy theorem 
Wrriction=( mv? +4 Io?) —4 Ios? (work done by mg and 
N is zero) 


=} mo®R? +44 mRio*—3 loy 
=? mo R? —} (4 mR'og)—-$ mo? R?— 2 mR". 


Now, from (iii), @=0y— AE. is (x j -) 


30 =, a=} 0p 


P 1 1 
V reictton = 2 m. E RS mRiog--— € moy RA Ans. 
6. The sphere possesses two rotational kinetic energies : one 
about the diameter (OA) and it is 4 Zo? and the other due to rota- 


tion about the axis OO" and it is X 7/9? where Z' is the moment of 
inertia about the axis OO' and o' isthe angular velocity of its 


Centre of mass about OO'. 
T=4 Io? +} T'o". 
E Now I=} mr? and I (5 mr? +mR?) by theorem of parallel 
xes. 
Since the sphere rolls without slipping, — V=0F- 
Also y=o'R. 


y/o ve 1 (2 m2 ») v 
Wb e mr) +a G mri+mR US 


my3--3 my? (r*| R2) +4 my? 


-1 
Ee my?+-2 my? (| R?) 
or Een Dore f Ans. 
T 1022 (4$ m 


7. Consider an element of length dx at a distance x from C. 
The mass of the element is (= dx. It rotates in a circle of 
Tadius x sino. 

Gentrifugal force on u- (Tas) o*x sind. 

Moment of this force about C —force x perp. distance 

mo? 


-(4 dxa®x sino) xx cos 0 Sap sin20 x?dx. 
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Total centrifugal torque is given by 
+1/2 
Tcentrtfugal = us sin29 IE 
—1/2 
=}; mol? sin20. Ans. 
8. Considering conservation of angular momentum 1 
Ioy— (I & m?)o eo. 
Considering conservation principle of energy 


Y Tog? =4 (I+ ml2)o2 +4 my? 


or To,2=(I+ ml?) em T Te my? 
Ioj(I4-ml2) = Io, + my'? (I + mI?) 
CIS HEC Sm my'*(I + ml?). 
Putting =} MI? 
1 1 MPogP—y'*( MI 3 ml?) 
or = J Moglt=v"( m+) 
Sr Mol? — v?(àm +M) 
gan aia Ans. 
1 3m 
*UM 
9. Considerin T stem 
(plate + ball) g conservation of angular momentum of the Sy 
A mvx 1/2 — mv' x (1/2) +Io Js (e. 
colis es n ‘kinetic energy conservation principle in elastic 
imy-—3my?-3 To? T 
S my? =my'2 4+ To? .. (i) 


Eliminating o between (i) and (ii) 


mi(y—y) I 
4m(v:—-y»?) To? 


or Qu —yy 1 " 
A4ry) 173 MP (s I- LMI 3 

or 3m —v')=4M(y +y’) 

or y= 3m—4M 
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Substituting v’ in (i) we have 
12mv 


CGmc4M) (es FEM TH 


After the impact the plate rotates aA the axis, which exerts 
the necessary centripetal force. 


Ans. 


F (force of the axis on the plate)= centripetal force = Mo?l/2 


16y? 
or F-MI[2. " MSS 
( +t 3m ) n 
2 
or - F= TAY ` Ans. 
( + 3m 


10. By conservation angular momentum 
I0; +hog=(h+h)o 
— hoit hos 
p: OTT Tle 


By the work-energy theorem 
eta = change i in kinetic energy =Ty— 


Ans. 


or Wr=ż (L+ l)o? -G Loj-$ o 
= 5 (3-12) Cati- L5! (hor + To?) 
1 2 
=} Mun cm (Lot 2- Ios? ) 
1 2 
Ll, 
W;- BETAS (@,— 2)’. Ans. 


11. Since we always see the same face of the moon its period for 
l revolution about its axis must be exactly equal to its period of 
revolution round the earth. That is. 
Tspin = Torvit $E 1 on =Worbit- 
A nr Zmd x crt (here the moon:;is 
treated as a particle) 


3 
Lspin_ n im = a2 (z e Ans. 
Lorvitat d 5 


Obviously if Ospin is increased to 2mspin or reduced to 1 Ospin, we 
Will see all the moon’s surface during the course of a month. 
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Solutions to Test Questions 


1. (a) f (retardation up the plane) - -£ $77. 
LU) 
From v?—y,2?=2fs, deem E (^ hs sina) 
lip 
2 
or y= gh 2g 3 VE 


or = NE Ans. 


This is the radius of gyration ofa disc. Hence the body is a 
disc. 


3 kem eme. TELLE SUME IS) 
(b) f (retardation up the plane) ixi 7 gx Tid g 
C~ =2 r? for a sphere). 
From y—w-2fs, 51-2x4 gXS 
35 
or ca LM ey 
SS aan 3:6 m. Ans. 


2. (a) The centre of the small 
marble will obviously move in 4 
circular path of radius (R—r). 


Let 0 be the angle made by the 
radius vector at time ż with the 


vertical OO’. Then z =0=angular 
velocity of the centre of the marble 
on the circular path. 

an (normal acceleration) 


1 -(R— rof - (R — r)” 
5 (distance described by the marble) -(R —r)o 


COSE 6 y 
^od E or E 


and a, (tangential acceleration) — dy _ (RS 
dt 3 
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Since there is no slipping we must take the arc O'A is equal to 
arc BA. 


r 0+9)=00 or p= 9. 


Considering tangential motion, F—mg sino ma; —m(R— r)e 
and considering normal motion, N—mg cos -mag-m(R-r)e? 


"Considering rotational motion, (mko = —F.r 


‘Or (mk?) R-rg -—Fr (from t=Ja formula) 
r 
F—mgsin0 | F; 
; A y 
°F (mi ^ mis zi m(R—r) j- 
"Or jm mg sind 
1+ C/E) 


"When 0=2/2, and k?=2/5 r? (for a sphere), 


& E= i -2 mg. Ans. 
*3 


a - my? 
N= A (by the formula centripetal force= my 


"Considering ed conservation' 
S e 
mg6R = my? 4- — 2 L rot mgR- 7, m. gr. 5 mgR a 


Or SmgR- mv?, or my2=50 mgR 


i NEER op mp (v RD 


or N-5?mg. Ans. 

(b) When the rod begins to slip its positions change from instant 
to instant. At any instant two successive positions (one a little 
before that instant and the other a little later) can be represented 
by rotation of the rod about a certain point called ‘instantaneous 
centre’, At any position of the rod the instantaneous centre is the 
Point of intersection of the vertical line through the lower end and 
the horizontal line through the upper end. pperelores PUE. 
‘of the instantaneous centre of rotation are 10 cos 60 and 10 sin 60 


9r Smand 5/3m. ANS. 
3. (a) Since the cylinder does not slip, the displacement, velocity 
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ion of the hanging mass are respectively equal to the 
Aue meu Selocily and acceleration of the upper point B of the 
cylinder as the string leaves tangentially the upper point. 
Now v (velocity of the upper point)=vem+or 
(— velocity of any point of a rotating + sliding body is equal to 


the vector sum of velocity of the centre of mass plus the velocity 
due to rotational motion) 


or V=Vem+Vem C @r=Vem when there is no sliding) 
Y —2Ycm- 


From ‘conservation of energy’ when m lowers through h 
mgh=} my*-E(3 Mvem+4 Io?) (+ loss in PE— gain in KE) 


=- 21 1 yt nde 2 Veem (s cH or) 
vis a a NT eee Ce ae 


1 2l 1 yam 3 
== += My?+— M —=— my?+= My 
J ap y 4M a re y 


or 16 mgh-8mv?--3My* 


y2= _l6mgh 
8m 3M 
From y*—2fs, y2—2ah 
or SINE, as g 
8m--3M 1 3M 
tsm 
or n= 9:8 L9:8xX8 _ 4, s : 
1: 3x30 23 —3'4 10/s?, Ans.. 
8x6 


Considering downward motion of m, 


ra mg—T= ma 
a Fro, et = 998 3'4)=6x 6-4=38'4 N. Ans: 
) From conservation of energy (loss in PE= gain in KE): 
mg 1/2—$ To? =3 (d mISjo? 


z 
o=/F 


y— ol—-4/ 3gI =/3K98K 1—5: m/s. Ans. 
4. (a) Here due to friction line i 
‘torque of frictional force? angular octane pale ad 
umg —ma or a=ug, 
^ Vey? = —2as 
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or Vo2— v? —2ugs uo (05 
t=hmgr — Ia-(g mr*)o 
= Og 
a= 2r . 
Loc e-0ratz E d 
2r 
and y=Vo —at 2v, — gt. 
When it begins to roll without slip 
ycor 
v[r— Sug. t or = 2v 
prs Sug 
DVA aey 
yc HE. cs Yo— 
or v=8 Vor Ro EDE 
-. From (i) ve — $5 Vor=2hgs 
12 vo? 
or m AL. Ans. 
S= ug 


(b) Here due to friction linear. velocity increases and angular 
velocity decreases due to torque of frictional force. 


umg —ma or  a-ug 


s y=O+tngtor | v—Hgf won GP 
t=umgr =la= mr?). a 
or Hee: 
r 
b Wy gy ye 
0 =0— = t — 2 , —=0 Vr. 
alle €o ug o if 
When there is no slip, y=or. 
y/r=o— v]r or 2 oos 
or v=} o. Ans. 3 


5. (a) Since there is no slipping, the velocity of the point of con- 
tact of the string with the pulley is the vector sum of the velocity 
of the point of contact due to rotation plus the velocity of the centre 
of the mass of the spool. That is, 

Yg— Ycm — OF. 
. r R-r 
But vem=oR. JO Va=Vem—Vem gm R 
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This is also the velocity (v) of the falling mass. 


V=VB= Vem = Sre 
Banh f 33 
Considering conservation of energy when m lowers 
à mgh— mv? + (Mv em +2102) 
2 
= zm Mv om 4- en è d mr? cm ) 


XD ri 
-imyt. SM yom 


2 

a le Sai 2 ( R ) 

m TH.v. REF 

or v= —_4gh n 

2m+3Mt (35: 

From v2 — ygt — 2f, y? —2ah 

or a= = 2gh . Ans. 
2h Rya 
2m +M( R) 


(b) I (merry-go-round) = 10x 1°5?=22'5 kgm?, 

I (of child) 30:2 — 60 kgm?, 

Angular Momentum of 
before h 


the child about the axis of rotation 
of mome 


e jumps on—(60x 5) x2 (from the fact that moment 
ntum is also angular momentum) 
= 60 


By ‘conservation of angular momentum’ 
6.0— (22:5. 60)o 
or oT rad/s. Ans. 
6. (a) Since the centre of m 
there is no change in its potent. 
^. Thisis i 
with the co Eod 
of energy 
mgh= amy? 41752 


oint of contact of the string 
e, angular velocity = vir. 


(there is no linear kinetic 


energy of the spool) 
E 3 1 1 y? 
jm» tin 3 (zz) 24 


e ET R? 
zm taunt 
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4mgh=2mv? + My? R?/r? 


or 
or ye 4mgh à EE 3 
R 
2m TM lbs ME 
=2ah where a —acceleration of fall of the mass. 
= £ 
p E 
m 2r? 
From the motion of ‘m, mg—T=ma 
M, R 
or T=mg—ma=mg { 1— d =mg o 2r 
EMIRS M R 
m 2r lta 2 


For the stationary position of the spool we have 


T—Mgsina=0 
MR 
m 
or mg a y = Mgsina 
Ita OF 
Ans. 


or 
RY om 


(b) The velocity of the centre of mass of the tractor wheel is v 
Velocity of the lower half of the belt at any instant 


=y—v=0. 
Velocity of the upper half —»--v —2v. 
1 (3) . (2)? 2 my*. Ans. 


r-i.($ 


08 


8.1 Hydrostatics 


Pressure at a point inside a liquid : 


P=Po+pgh 
where p, is the atmospheric pressure, 
pis the density of the liquid and h i$ 
the depth of the point below the free 
surface. 

Pressure is a scalar. 

The ‘unit of pressure may be 
‘atmosphere’ or ‘cm of mercury’. These 
are derived units. The absolute unit of 
pressure is N/m?. Normal atmospheric 
pressure, i.e., 76 cm of mercury, is approximately equal to 105 N[m*. 

Thrast. Thrust = pressure x area. 


Thrust has the unit of force. 


Laws of Liquid Pressure. (a) A liquid at rest exerts pressure equally 
in all directions. 


(b) Pressure at two points on the same horizontal line in a liquid 
at rest is the same. 

(c) Pressure exerted at a point in a confined liquid at rest is 
transmitted equally in all directions and acts normally on the wall 
of the containing vessel, This is called Pascal’s law. 

^ hydraulic press works on this principle of transmission of 
pressure, 

Principle of floating bodies (Law of Floatation) W=W’, that i$, 
weight of body =weight of displaced liquid or buoyant force. 

Weight of displaced liquid is also called buoyancy or upthrust- 

Hydrometers work on the Principle of floating bodies, This 
principle may also be applied to gases (e, g. balloon). 
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3 Liquids and gases are together called fluids. The important 
«difference between them is that liquids cannot be compressed while 
gases car be compressed. Hence, the density of a liquid is the same 
everywhere and does not depend on its pressure. For a gas, the 
density is proportional to its pressure. f 


8.2 Hydrodynamics 
Bernoulli's theorem : oid =a constant for a streamline 
p 


flow of a fluid (liquid or gas). 
Here, v is the velocity 


of the fluid, k is its z 
height above some | ERA — p 
horizontal level, p is the TEE m ee 
pressure and p is the |’ V2 pe 
density. | 

According to this a w> P<. 


principle, greater the 
velocity the less is the 
pressure in a fluid flow. . 

It is useful to remember that in li 
flowing past any point per secon 
"Therefore, when the cross-section of the t 
increases. 

Note. Density — relative density or specific gravity 


quid flow, the volume of liquid 
d is the same for every point. 
ube decreases, the velocity 


x 1000 kg/m. 


CRITICAL QUESTIONS 


s jin waterin à vessel with its axis 


1. A wooden cylinder float i ; 
vertical. How will the level of water in the vessel change if the 
tal. 


cylinder floats with its axis horizon 

Ans. No change in the 
positions the cylinder displaces the sam 

2. A vessel filled with water is 
supported on a knife edge. Will 
equilibrium be violated if à small 
board carrying a Weight is placed 


on the surface of the water ? 
Ans. No. Equilibrium will not be violated, since according to 
Pascal's law the pressure on the bottom is the same everywhere. 


Jevel of water because in both the 
e volume of water. 
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3. A match box with a small piece of stone inside it floats in a 
cup of water. Will the level of the water in the cup change if the 
stone is taken out of the box and dropped into the water ? 

Ans. The level of the water in the cup will go down. See 
mathematical proof in Introductory Physics, Part I, Chapter 13,. 
General Physics. 

4. A boat floats in water of a swimming pool. Water from a 
wellis pumped into the pool. When will the pumps perform more 
work : when a big boat floats in the pool, or a small toy-boat ? 

Ans. In both the cases the pumps perform the same work, since 
the same amount of water pumped in rises to the same level. 

5. A water vessel is placed on the floor of an elevator. Will the 
pressure at the bottom of the vessel change if.the elevator goes UP 
with uniform acceleration a ? 

Ans. Considering upward motion of a column of liquid of depth 
h, we have pA— pA — (Aho)g = (Alp)a 


or p po hp(g +a). 
When the elevator is at rest 
Pi po hog 


; Ap=p—pi=hpa. 

Thus the pressure at the bottom increases. 

6. A wooden cylinder floats in water in a vessel placed on the 
floor of an elevator. The length of the cylinder outside water is / 
1f the elevator goes down with uniform acceleration a, will / change T 

Ans. When there is no motion 


ALpg —(L—l)Apyg, where L=total length of cylinder 
A — area of cross-section 
p —density of cylinder 
Pw — density of water 
or Lp=(L—1)p,,. 
wieg the elevator goes down with accelaration a, the effective 
acceleration due to gravity on both cylinder and water is (g-a). 
ALp(g =a)=(L— l')Apy(g —a) 
Lp=(L—1')oy. 
; S5 Heo Ue 
So the cylinder will neither Sink nor rise. 
7. Mercury is poured into a vertical U 
in above it. The level of water is the sai 


or 


-tube, and water is poured 
me in both arms, Will the 
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level of the water and the mercury be the same if a piece of wood is 
dropped into one arm and some water equal in weight to this piece 
is added to the other ? 

Ans. Dropping of the piece of wood is exactly the same as 
adding of the amount of water displaced by it, which in its turn is 
equalto the weight of the body. Hence, if cross-sections of the 
arms are the same, the levels of water in both arms will stand at the 
same horizontal level. 

8. An air mattress is filled with air to a pressure greater than the 
atmospheric pressure. When will the air pressure in the mattress be 
greater : when a man stands on it or when he lies on it ? 

Ans. If the man stands on the mattress, his weight will be 
distributed over a smaller area, that is, the area of his feet than 
when he lies down. Hence, the air pressure in the mattress will be 
greater when the man stands than when he lied on it. 

9. A man carries a tyre tube and decides to make it lighter by 
making use of buoyancy of air. For this purpose he inflates the 
tube, thus increasing its volume. Will his aim be achieved ? 

Ans. No, his aim will not be achieved. Increased buoyancy of 
air will be made up by weight of air blown in. Since density of 
Compressed air is generally greater than the density of atmospheric 
air, he will disserve his aim rather than serving his aim. 


10. A tank. containing 
Water is placed on a spring 
balance. A stone of weight 
w is hung and lowered into 
the water witbout touching 
the sides and the bottom of 
the tank. Explain how will 
the reading change. 


Ans, We make free-body diagrams on the bodies separately and 
Consider their equilibrium. Like all other forces buoyancy is also 
exerted equally on the two bodies in contact. Hence water exerts 
buoyant force, say, B on the stone upward and the stone exerts on 
the water the same force downward. The forces acting on the 


C. v. H. PHY. (1)-27 
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*water--container' system are: W, weight of the system down- 
ward; B, buoyant force of the stone downward; and the force ‘R 
of the spring in the upward direction. For equilibrium we have 
R=W+B. 
Thus the reading of the spring scale will increase by an amount 


equal to the weight of the liquid displaced, that is, by an amount 
equal to the buoyant force. 


Note. Weight of the stone will not come in the free-body diagram 
of the ‘water--container’ system because the weight is the action and 


reaction between the stone and the earth and not between the stone 
and the water. 


11. A ball floats on the surface of water in a container exposed 
to the atmosphere. Will the ball remain immersed at its former 
depth or will it sink or rise somewhat if (a) the container is covered 


and the air is removed, (b) the container is covered and the air is 
compressed ? 


Ans. Let y be the volume of the ball above the level of water and 
V is its total volume. J/— weight of the ball. Then remembering 
that, strictly speaking, air also exerts buoyant force, we have 
W — vpog t (V — v)pug 
where p, — density of atmospheric air, p,, = density of water. 
Let v’ be the volume above water level when density of air is 
changed. Then W=v'pg+(V—v')pyg where p — density of air. 


“+ vog +(V —v)pug — v'pg - (V — v')pug 


or y! = pPw= Po or =Pw Po 
Pw—p v Pw—p 


(a) When air is removed, p=0 


“. v'<y. So the ball sinks. 


(b) When air is 
1S compressed, p po or Pw—P « py — Po 
or 1<Pw=Po 
Pw—p 
, 


v r 
A sl or Vw So the ball rises, 
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12. A solid cylinder is placed erect in a container in contact with 
the base. When liquid is poured into the container, none of it goes 
beneath the solid, which remains closely in contact with the base. 
Is there a buoyant force on the solid? Explain. 

Ans. No. There is no buoyant force on the solid because the 
liquid is not in contact at the bottom and so it exerts no upward 


thrust on it. 

13. An open bucket of water is on a smooth inclined plane 
forming an angle a to the horizontal. How will the level rest relative 
to the plane when the bucket is allowed to slide down the plane ? 

Ans. The level will remain parallel to plane during the journey 
down the plane. The component of the force mg down the plane, 
which is mg sina produces acceleration down the plane. The surface 
is subjected to force mg cosa perpendicular to the plane. A liquid 
surface keeps itself at right angles to the force to which it is 
subjected. So the level rests parallel to the plane during the 
downward journey of the bucket. 

14. If a U-tube containing water is rotated about a vertical axis 
through the centre of one limb, the level will fall in one limb and 
“cise in the other. Explain carefully. 

Ans. In a rotating liquid there is essentially a ‘horizontal 
‘gradation of pressure’ because without such gradation rotational 
equilibrium of the liquid is not possible. The pressure increases 
with distance from the axis. For deduction see Lesson 5. This is 
why there is fall of level at the axis and rise of the level in the other 


arm. 
15. Explain why 
horizontally if it is no 


is added at one end. 
Ans. A floating body floats in stable equilibrium when its centre 


of gravity is well below the centre of buoyancy, that is, the centre of 
gravity of the displaced liquid. When loaded by enough weight the 
centre of gravity goes well below the centre of buoyancy. 

16. A piece of ice floats in a glass filled with water. How will 
the level of the water in he glass change as the ice melts? 


Consider the following cases : 
(a) ice is homogeneous, 
(b) a stone is frozen in the ice, 
(c) the ice contains an air bubble. 


a uniform wooden stick which will float 
t loaded will float vertically if enough weight 
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Ans. (a) The level will not change. 

(b) The level of water in the glass will drop. 

(c) The level of water will not change. 

See mathematical proof in Introductory Physics, Part I, 
Chapter 13, General Physics. 


17. The height of the liquid in 
the standpipes indicates that the 
pressure drops along the channel, 
even though the channel has 2 
uniform cross-section and the 
liquid flowing from left to right 1$ 
incompressible. Explain. 

Ans. Bernoulli’s theorem is applicable to incompressible, 
non-viscous fiuid free from external forces. But in actual liquid 
flow, there is some external and internal friction, i.e., viscous force. 
When these are taken into account, Bernoulli’s theorem is modified 


1 
to 
S o2 


ys TE +gh+W=a constant where W is the work done per 


unit mass by the fluid against frictional forces. Here v and h are the 
same at all points. 


LOPpW.-Pt.w. or W,-W,= 2 Pe 
p p p 


Vo WamW;u-c. pipa 


us It is found that liquid will flow faster and more smoothly 


m a sealed can when two holes are punctured in the can than 
_When one hole is made. Explain. 


, Ans. When two holes are made, the velocity of flow through each 
Hen less than the velocity of flow when only one hole is there 

PST foy becomes streamline with two holes. This is the reaso? 
why liquid flows m 


ore smoothly and faster with two holes. 
19. Two row bo 


irecti ats moving parallel to one another in the 539€ 
direction are pulled towards one another. Explain. 
mb I they are close to each other, the velocity of water in 
d PET. du resulting in fall of pressure there according 
corem. The pres : them 
together. Pressures from the sides push 


20. Can the action of a 


; parach i di all be 
explained by Bernoulli’s theorem 2 NiruipsiserSing fres fa 


LESSON 8 421 


Ans. When the parachute opens up, the pressure of air above 
drops and so upward thrust is called into play to balance the weight 
of the parachutist. 

21. Can you explain why an object falling from a great height 
teaches a steady terminal velocity ? 

Ans. The viscous force on a body depends on its velocity. 

The greater the velocity the greater is the viscous force. When 
a body falls from sufficient height, it acquires sufficient velocity to 
produce enough viscous force to balance its weight. The resultant 
force on the body being zero, the body moves with uniform velocity, 
called terminal velocity. 

22. On take off would it be better for an airplane to move into 
the wind or with the wind ? On landing ? 

Ans. In ‘take off’? of an airplane it needs maximum dynamic 
lift on it, which is associated with an unsymmetrical set of 
streamlines relatively close together on the upper side and relatively 
far apart below. This unsymmetric distribution of streamlines can 
better be obtained by moving into the wind. On ‘landing’ it should 
move with the wind when streamlines will be uniformly distributed 
on the two sides of the airplane and so no lift will arise and the 
plane will land under gravity. 

23. Does the difference in 
surfaces of an airplane win 
plane ? Explain. 


pressure between the lower and upper 
g depend on altitude of the moving 


2 da 
Ans. Yes, we have Iw Er «E 


AP=P2—Pi= 3p(v,? — Ve") 

At high altitudes density is considerably low and so the pressure 
difference will depend on the altitude of the airplane. 

*24. If p is the pressure of gas inside the exhaust chamber of a 
rocket and po is the pressure of the gas outside the chamber, the 
forward thrust on the rocket is 2a(p —Po) instead of a(p—po), where 
a is the area of the orifice. Why does the factor *2" appear ? 

Ans. The formula ‘thrust = pressure difference x area’ holds for 
fluids at rest. This does not hold for fluid in motion. By 
Bernoulli’s theorem (a theorem applicable to fluid in streamline 


motion) Pal pe Pop and AV=ay where A=area of the 
3 p 
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chamber, a=area of the orifice. Since AS>a, v» V, hence V? may 
be neglected in comparison to »?. 


5-2 (p=Po) p 
P 


dM 
dt 
But the mass (dM) of gas flowing out in time dt is (avpdt). 


E dM -—avp. 


dt 


Now thrust on the rocket— v 


<. Thrust-ay!*p— apx 2(p —po) —2a( p — po). 
p 


25. The destructive effect of a tornado (twister) is greater near 
the centre of the disturbance than near the edge. Explain. 

Ans. Near the edge the velocity is zero and the pressure is the 
normal atmospheric pressure. At the centre velocity is maximum 
and so there is maximum drop of pressure at the centre. Thus 
Pressure difference between the central region with the surrounding 


being maximum, the destructive power of tornado is maximum at 
the centre. 


x 26. Why will a light ping-pong ball dance over a stream of a gas 
water issuing at high speed from a tube ? 

ibe Since the stream has a high velocity, the pressure inside the 

es 3 un" ut atmospheric pressure. The ball is supported 

ottom by the thrust of the stream and kept i ition by 

the latera] Pressure difference. KW Bee 


& 27. During storms the strong winds 


tear off the roofs of thatched houses 


along the ridge C if the roof is fastened 
more firmi 


than at th 
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When the roof is secured at the edges A and B, the thrusts on the 
two halves will have turning effects about the edges and so the roof 
is likely to tear along the ridge. On the other hand if the roof is 
secured rigidly along the ridge, the thrusts then will lift the roof 
against gravity only to be carried away by the wind. 


28. A device (see figure) consists 
of two discs 4 and B. The lower 
disc B hangs on three pins fixed to 
A along which it can freely move 
up and down. The upper disc 4 is 
provided with a pipe at its centre. 
If a compressed air stream is passed 
through the pipe, the lower disc begins to knock the upper one. 
Explain, why ? ` 

Ans. When air is blown through the pipe, the air between the 
discs are set in motion, resulting in heavy drop of pressure. The 
surplus pressure from below pushes the disc B and knocks it against 


the upper disc. 

29. Why do tea 1 
stirring ? 

Ans. Tea leaves are suspended par 


density of water. Due to rotation 
& ‘gradation of pressure along’ the borizontal direction. The thrust 


on suspended particles due to pressure difference is inward for 
lighter particle. Hence the leaves gather in the middle of the glass 


vessel after stirring. 

30. Liquids leak through a pin ho 
Will kerosene oil leak faster than water? Give reason 
answer (assume same viscosity). 

Ans. Both will leak at the same speed. The velocity of efflux 
on the density of liquid. The velocity is /2gh 
liquid. See deduction in Introductory 


General Physics. 


eaves gather in the middle of a glass after 


ticles having density less than 
of the water in glass, there is 


le at the bottom of a vessel. 
s for your 


does not depend 
Where h is the height of the 


Physics, Part I, Chapter 14, 
31. When a stopper is removed from a filled basin, the water 


drains out while circulating like a small whirlpool. The angular 
velocity of a fluid clement abouta vertical axis through the orifice 
appears to be greatest near the orifice. Explain. 

Ans. In the curved flow of a fluid the product of velocity and 
Tadius remains constant. See deduction in Ex. 11 of this lesson. 
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That is, vr—- a constant or or*?=a constant. 


Therefore, occ l. This is why angular velocity at the axis is 
r2 
maximum. 


OBJECTIVE QUESTIONS 


1. A plate of area 0:5 m? is immersed in water vertically. The 
length of the vertical side is;5 m. The thrust on the plate due to 
water (g 2 10 m/s?) is 


(a) 1000 N/m?, (b) 500 N/m?, (c) 200 N/m?, (d) 1250 N/m’. 
Ans. (d). Thrust = pressure at the centre x area 


=pg(th)x A=3pghd=3x 1000x 10x *5x °5 N/m" 
—1250 N/m?. 


2. Two substances are mixed in equal volumes. Their densities 


ate p, and p, The density of their mixture, assuming no con- 
traction, is 


i Prt Pa b) PutPa PETE d) 92. 
(a) P,P, (b) —z ^ © Vb?» (d) EGRE 


Ans. (b). 2Vp — Vp, -Vps or p= LS j 


3. Two liquids are mixed in equal weights. Their densities are 
918ndjp, The density of their mixture, assuming no contraction, i5 
+P2 +Pe — 

(a) AT, — (p) AEP ; —Pipa 
DIS (b) 2 ^ (c) VPiPa (d) Pit Pz 


—+— o p= PR 
P Py Pa Pit Pa 

4. A beaker containin 
spring balance, The 

and volume 0:00] m? i 

of the beaker, 


8 water is placed on the platform of 4 
balance reads 1-5 kg. A stone of mass 3 K£ 


s immersed in water without touching the wa! 
The balance reads 


(a) 2kg, (b) 1-5 kg, 


(c) 1*0 kg, (d) 2:5 kg. 
Ans. (d). The scale reading 


— Weight of beaker+ buoyant force 
: 7154-0001 x 1000—2:5 kg. 
Note, The weight of the stone does not affect the reading. 


5. A vessel is filled with a liquid of density p up toa height h. 
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The velocity with which liquid emerges from a small hole at the 
bottom is 
(a) gph, (b vgh, (c v28gh, (d) psh. 
Ans. (c). 
Note. Velocity of efflux does not depend on the density of liquid. 
. 6. The gate of a canal is 5 m wide, and the water levels on either 
side of it are 20 m and 12 m. The resultant thrust on the gate 
{g=10 m/s?) is 
(a) 64x 105N, (b) 64x 10°N, (c) 64x 104N, (d) 64x I07N. 
Ans. (a). Resultant thrust difference of thrusts on the sides 
= 1pghi4; — hs pghzA, 
—ipgi20x 20x 5— 12x 12x 5) 
=} x 1000x 10x 1280 — 64x 105N. 


ram of a hydraulic press are 


7. The areas of the piston and! 
force of 10 kgf is applied on 


respectively 0'5 m? and 10 m°. If a 


X D 
4% 

oy 

WA 

the piston, the force on the ram is 

(b) 500 kgf, (©) 200 kgf, (d) 50 kgf. 


NSS 


(a) 20 kgf, 


Ans. (c). Pressure exerted =£ =20 kgf/m?. 

Thrust produced = pressure X area —20x 10=200 kef. 

$8. In the above example if the ram has space above it in between 
the girder and its platform to move up, the distance through which 
the ram moves when the piston is driven through 20 cm is 

(a) lem,  (b)5em () 5cm, (d) lcm. 

Ans. (a). By assuming that liquid is incompressible 
441, — Asl, 
2]0xl or /='01 m=1 cm. 
red into communicating vessels of different 
s dropped into the broad vessel. 


Q05x'2 


9. Mercury is pou 1 c 
‘cross-sections. An iron piece 1 
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The level of mercury (a) will go down by unequal amounts, 
(b) will go down by equal amounts, (c) will go up by unequal 
amounts, (d) will go up by equal amounts. 

Ans. (d). Since the pressure on the horizontal portion is the same 


atallpoints, the heights of mercury above the horizontal portion 
must also be the same. 


EXAMPLES 


1. A vertical U-tube of uniform cross-section contains mercury 
in both its arms. A glycerine (relative density 1:3) column of 
length 10 cm is introduced into one ofthe arms. Oil of density 
800 kg/m? is poured in the other arm until the upper surface of the 
oil and glycerine are in the same horizontal level. Find the length 
of the oil column. Density of mercury 13-6 10? kg/m?. 

Sol. Draw a horizontal line through the ‘mercury-glycerine 
surface’. This is a horizontal line in the same liquid at rest, namely, 


Mercury. Therefore, pressure at the points 4 and B must be 
the same, 


Pressure at A 
=pot'1 X (1°3x 1000) g 
Do- atmospheric pressure 
(density— relative density x density of 
water). 
Pressure at B 
— pod hx 800x g4-C1— 2) 
x13:6x 1000x £ 
Po+'1x 1300x g 
7 po-- 800gh-- 1360g — 13600 x g x b 
or 130—800/-4-1360— 136007 


oT or 


I—— 10 c7m— 


or — 1230 
h 12809 ~ 096 m-—9:6 cm. Ans. 


the bottom of it, Ou ii the cylinder, (b) the force acting on 


Sol. (a) F, Eod 
=1000~ 9:8x -05x 8x 10-4 
—7392 N. Ans. 
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(b) F, (force on the bottom) =1000x 9:8x 15x 8x 10“ 

=1:176 N. Ans. 

(c) Buoyant force = difference of (a) and (b)="784 N. Ans. 

3. Two communicating cylindrical tubes contain mercury. The 
diameter of one is two times than the other. A column of water of 
height 70 cm is poured into the narrow vessel. How much will the 
Mercury level sink in this vessel and how much will it rise in the 
Other vessel ? How much will the mercury level rise in the narrow 
vessel if a column of the same height is poured into the broad 


vessel ? 

Sol. Let the level in the narrow tube go down by /4 from the 
initial position (shown by the 
dotted line) in the narrow vessel and 
that in the wider vessel go up by hə. 

By the principle of incompressi- 
bility of liquid 

neh, — zár! hj? 

or hy —4hs 93 (QUA 

Draw a horizortal line through 
*Water-mercury surface’ and consider 
two points 4 and B on it in the 
narrow and wide vessel respectively. 
1000 x 9:8 x *7-I- po 13:6x« 1000 xx (hatha) x 984- po 
(pressure at A) (pressure at B) 

or 700 = 13600(/ + he) 

or 7=136(h; the) — » e eX 

Solving (1) and (2), 

1; —:04 m=4 cm and 4,—:01] m=1 cm, Ans. 

When water is poured into the wider vessel, let the mercury 
leve] go down by ha in this tube and go up by h, in the narrow 
Vessel. Again nrih,—mAr h. Or hy — hs. 

Now B is at the *water-mercury surface’. 

1000x 9°8X-7-+Po=13°6x 10000 x (i Ha) X 9°8+Po 
(pressure at A) 


à 


(pressure at B) 
72513 --h;). 


Solving, hı —:04 m=4 em, hj—:01 m—1 cm. Ans. 
4. A rubber ball of mass m and radius ‘7’ is submerged into- 
Water to a depth / and released. What height will the ball jump up 
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o above the surface of the water? Neglect the resistance of water 
and air. 


Sol, Let the ball go up by x above the level of water. 

Let us now consider ‘energy conservation’ between the initial and 
final position. In both the positions kinetic energy of the body is 
zero. The potential energy in the first position with reference to the 
water level is —mgh plus the work done by an external agent 


against the buoyant force which is ($ rog )h where p is the density 
of the water. 


—mgh «G rog )h =mgx. 


4n s 
a7»-m 


x= => xh Ans. 
m 


5. A rod of length 6 m has a mass of 12 kg. It is hinged at one 
‘end at a distance of 3 m below the water surface. 


(i) What weight must be attached to the other end so that 5m of 
‘the rod are submerged ? 


EO (ii) Find the magnitude and direction of the force exerted by the 

ihinge on the tod. The specific gravity of the material of the rod 

BOS. (LLT. 1976) 

i Sol. Mass per unit length of the rod is 2 kg. Therefore, mass of 
e 


submerged portion is 10 kg and its volume = 54% m? 


(using the simple formula, volume — ASS 
density 

and density — specific gravity x 1000 kg/m?). 

"Therefore, 


buoyant force (F,)= 1°, x 1000 —20 kef: 


o Let N and H be the verti- 
cal downward and horizontal 
reactions of the hinge on the 
rod. Considering ‘horizontal 
and vertical translational 
equilibrium of the rod’ We 
have N--12--W-—20 (where 
W is the weight to be attache 
and H=0) 


is pulled up out of the liquid ? 
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or N+W=8 
H Zo} G)-- 
Considering ‘rotational equilibrium’ of the rod about A we have, 
—20x g x2:5cos0--12X 8 X 3cos04- W x 6cos0 — 0 
6W=50 g—36 g=14 g 
-ig-jkef Ans. 
N=8—7=% kgf. Ans. 

6. A cylinder of area 300 cm and length 10 cm made of material 
of specific gravity 0°8 is floated in water with its axis vertical. It is. 
then pushed downward, so as to be just immersed. Calculate the 
work done by the agent who pushes the cylinder into the water. 

Sol. Weight of the cylinder ~ 

=(300 x 1073) x (10x 10-2) x 800 kgf —2:4 kgf. 
Let x be the length of the cylinder inside the water. Then by law 


of floatation 
2:4 g=(300x 107*x x) x 1000g 
x='08 m. 
When completely immersed, 
Fy (buoyant force) — (300 x 10-* x:1)x 1000X g 232 N. 

Thus to immerse the cylinder inside the water the external agent 
has to push it by -02 m against average upward thrust. 

Increase in upward thrust 23g —2:4g — 06g newton. 

Since this increase in upthrust takes place gradually from 0 to 
0'6g, we may take the average upthrust against which work is done 
as 0'2g newton. 

Work done- 0:32 X -02—-0588 joule. Ans. 

7. Block A in the figure hangs from a spring 
balance D and is submerged in a liquid C contained 
in beaker B. The weight of the beaker is 1 kg, the 
weight of the liquid is 1°5 kg. Balance D reads 2:5 
kg and balance E reads 7 5 kg. The volume of the 
block A is 0:003 m°. 

(a) What is the density of the 

(b) What will each balance rea: 


liquid ? 
dif the block A 


Sol. First let us calculate the buoyant force on 


the block A. 
Fy—0:003 x og "003 pg where p — density of the liquid. 
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Remembering thatlike all other forces buoyant force is also 
‘exerted mutually between the solid and the liquid we have from the 
free body diagram of the ‘water+ beaker’ system. i 

Wo+ Wat Fo=Sz where S; is the upward reac- 
tion of the spring of the balance on the system and this is the reading 
-of the scale E. 

1g4-1:5g4-:003pg — 7:5g 

or :003p—5:0 or p-—16667 kg/m*. Ans. 

(b) When 4 is taken out, D will read the weight of A and E vill 
vead the weight of ‘beaker + water’. 


Reading of E=1 kg+1:5 kg-2:5 kg. Ans. 


Let W, be the weight of A, considering its equilibrium of 4 in 
the liquid. 


W,-Fo=Sp f 
where S; is the reading of D. 
Wa=Fr+Sy=(-003 xm g)+25¢=7'5¢ =75 kg. 


-. Reading of balance D= Weight of 4—7:5 kg. Ans. 


8. A glass tube is bent into 4 

3 rectangular U-tube and partially 
filled with a liquid. The length of 
the horizontal portion of the U is l. 
Find an expression for the difference 
in height A between tops of the 
liquid columns in the vertical arms 
= (a) when the tube has a linear acce- 
k t —— 3 leration a in the direction of the X 

A i a 
uniform angular velocity about E De M MAC MU I Ug 

Sol. (a) Consider the motion of the horizontal portion AB of the 

' — U-tube. Let p, and p; be the pres- 
sures of the liquid at A and B. 

Then forward thrust on tbe 
liquid mass-p,4—ps4 where A is 
the ‘area of cross-section of the 
tube. 

Mass of the liquid in 4B=] ‘Ap 
PiA - aA =(IAp)4 : 


EE = 
Š: = 


or Pı—p,=lpa. 


LESSON 8 431 


Let h be the difference in liquid levels. 

Then p,—P2=hegs s. fipg=lpa 

or h=—. Ans. 

(b) Let us consider an element 
dx at a distance x from the y-axis. 
Let p and p--dp be the pressures on 
the sides of the element. Then the 
centripetal force on the element 

=Adp. 


p 
Mass of the element — (Adxp)- 
s^. Adp=(A dxp)o?x 
(Formula used, F— mo?r) 
dp — pa?xdx 


or 
or p=pa.}x?+-¢ (a constant). 
At x=0, p-p; and at x-l, p=Pə 
NM LI and po=}po°l?-++p1 
Or pa- Pı = 1po?l*. 
But pa— Pi — hipg hpg — ipo? 
or h= ot Ans. 
2g 


10. Air streams horizontally past an airplane wing of area 120 m? 
weighing 300 kg. The speed over the top surface is 60 m/s and 45 
m/s under the bottom surface. What is the lift on the wing? The 
net force on it? Density of air = 1:293 kg/m’. 


Sol. By Bernoulli’s theorem we have 
10, Poly 2422 or Da PIS i "DS y? 
Galan apt i Da—Pi= $p») 

. Ap (difference in pressure) — 3 X 1:293(602—45?) 2 1018 N/m*. 

s. The net upthrust = 1018 x 120 = 1:22 x 105 N 

=1'25x 104 kgf. Ans. 


The lift on the wing=(1'25 X 104—-300) kgf 
=1'22x 10¢ kgf. Ans. 


EXERCISES 


aving an internal cavity weighs 264 gm in 
Find the volume of the cavity. Density 
(LLT. 1963 


1. A piece of copper h 
air and 221 gm in water. 
of copper — 8:8 gm/cm?. 
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2. A stone of density 2:5 gmjc.c. completely immersed in sea 
water is allowed to sink from rest. Calculate the depth to which 
the stone would sink in 2 seconds. Neglect the effect of friction. 
Specific gravity of sea water is 1:025 and acceleration due to gravity 
is 980 cm/sec?. (I.L.T. 1969) 


3. A cubical block of iron 5 cm each on each side is floating 0D 
. mercury in a vessel. 


(i) What is the height of the block above the mercury level? 


(ii) Water is poured into the vessel, until it just covers the iron 
block. What is the height of the water column ? 


Density of mercury — 12:6 gm/cc, density of iron — 7:2 gm/cc. 
(N.D.A. 1981; I I.T. 13) 


4. (2) A body weighs m; in a fluid of density d, and ms in a fluid 

of density dą What would be its weight in a fluid of density d,? 
[J.E.E. (W.B ) 1980] 
(b) Calculate tlie percentage error arising from neglecting the 
buoyancy ofairin weighing an object of relative density 12 with 
brass weights of density (relative) 8 by a physical balance. (Density 
of air=1-2 kg/m’). [J.E.E. (W.B.) 1981} 


5. A common hydrometer, with a stem of 10 cm long and 
volume 1/10 of that of the whole hydrometer, floats with 2 cm 
length of its stem above the surface of water. What is the density 
of the liquid in which this hydrometer floats with 4 cm of its stem 
above the surface of the liquid ? (N.D.A. 1979) 


6. A uniform rod AB, 4m long and 
weighing 12 kg, is supported at end A 
with a 6 kg lead weight at B. The rod 
floats as shown in the figure with one 
half its length submerged. The buoyant 
force on the lead mass is negligible 85 
it is of negligible volume. Find the 
tension in the cord and the total volume 
AN of the rod. 
at uas sphere of inner radius 9 cm and outer radius 10 cm 

E merged ina liquid of specific gravity 0:8. Calculate 
the density of the material of which the sphere is made. What would 


be the density of a liquid in which 
th à t 
completely submerged ? € hollow sphere would just flo? 
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8. A flat bottomed thin-walled glass tube has a diameter of 4 cm 
and it weighs 30 gm. The centre of gravity of the empty tube is 10cm 
above the bottom. Find the amount of water which must be poured 
in the tube so that when it is floating vertically in a tank of water, 
the centre of gravity of the tube and its contents isat the mid-point 
of the immersed length of the tube. (LLT. 1968) 


9. Mercury is poured into 2 cylindrical communicating vessels of 
different cross-sections. An iron piece of volume Vis dropped into 
the broad vessel, and as à result the level of mercury rises in it. 
Calculate the rise of the Jevel in both the vessels if A is the area of 
cross-section of the smaller vessel, p; — density of iron, pm — density of 
mercury, p;; — density of water and 4' —area of the wider vessel. 


10. In the above example if water is poured into the wider vessel 
until the mercury reaches the previous level, what is the height A of 
the water column? Assume that water covers the iron piece 
completely. 

11. The upper surface of water ina standpipe is a height H above 
evel ground. At what depth h should a small hole be put to make 
the emerging horizontal water stream strike the ground at. the maxi- 
mum distance from the base of the standpipe ? What is the this 
maximum distance ? 

12. The speed of flow past the lower surface of a wing of an air 
plane in 50 m/s. What speed of flow over the upper surface will give 
a lift of 109 kgf/m? ? Take density of air = 1:20 kg/m?. 


13. Consider the stagnant air at the front edge of a wing and the 
air rushing over the wing surface at a speed v. Find the greatest 
possible value for v in streamline flow, assuming that air is incom- 
pressible. Take the density of air 1'2 kg/m?. 


14. A liquid flows out of a broad vessel through a natrow vertical 
pipe How are the pressure and the velocity of the liquid in the pipe 
distributed when the height of the liquid level in the vessel tis H from 
the lower end of the pipe and the length of the pipe is h. 


15. A pump is designed as horizontal cylinder with a piston baving 
an area A and an outlet orifice having an area of ‘a’ arranged near 
the cylinder axis. Find the velocity of outflow of the liquid from 
the pump if the piston moves with a ‘constant velocity under the 
action of a constant force F. The density of the liquid is p. 


c. v. H. PHY. (1)-28 
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TEST YOURSELF 8 
1. Answer the following questions— 15x3=45 


(i) A balloon filled 
with air is weighed so 
that it barely floats in 
water as shown in the 
figure. Explain why it 
sinks to the bottom when 
itis submerged more bY 
a short distance. 


(ii) A block of wood is floating on water at 0°C with a certain 
volume V above water level. The temperature of water is slowly 


raised from 0°C to 20°C, How will the volume V change with the 
tise 1n temperature ? (LLT. 1974) 


heater 


(iii) A body immersed 
in a liquid is balanced 
on scale. Will the reading 
on the scale be altered if 
the liquid be heated to- 
gether with the body ? 


(iv) A glass bulb is b 4 i tive 
beam balance. is balanced by a brass weight in a sensit 


State what will ha i ; 
: oe ppen when the balance is cover 
by a bell jar which is then evacuated. Explain. (LI.T. 1972) 


(V) A block of ice i M ain N adt 
Contained in one is floating in a liquid of specific gravity J 2 


in the beaker dues When the ice melts completely, will the level 


vi) It i E 
up id e d Masons, while laying out and levelling 
The theory e a uildings, to use long transparent plastic pipes. 
© Water, seeking a common level, will be of the 


same height in both the tub 
es " 
if a bubble of air is left in the PA "tdi que. m 
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(vii) When a steam boiler in which pressure of steam is 10 to 
15 atm blows up, considerable damage is caused. Yet a hydraulic 
P in which the pressure is much higher, blows up, not very great 
damage results from the explosion. Why ? 

(viii) A hollow sphere and a solid sphere of the same radius and 
the same materialfall through air from the same height. Which 
one arrive at the ground first? (Neglect viscous ‘effect of the air.) 

(ix) Do rain drops of different sizes reach the earth with the - 
Same speed ? Explain. 

Kx) A spherical bob made of cork floats half submerged in a pot 

of tea at rest on the earth. Will the cork float or sink aboard a 
spaceship coasting in free space ? On the surface of Jupiter ? 

(xi) Why is it easier to throw acurve with a tennis ball than 
with a base ball ? 

(xii) Explain why is it dangerous to stand near a speedy train ? 

(xiii) A barge filled with scrap iron in a canal lock. If the iron 
is thrown over board, what happens to the water level in the lock ? 

(xiv) Very often a ‘sinking ship will turn over as it becomes 
immersed in water. Why ? 

(xv) What is the pressure at a depth A below the free surface of 
a liquid falling freely ? 
Answer the following— 


2. One end of a board 
of length Z is placed on 
the top of a stone projec- 
ting outside water. A 
part of length ‘a’ is above 
the point of support. 
‘What part of the board is 
below the surface of the 
water if the specific gravity of wood is s ? 

3. A conical vessel of semi-vertical angle a but without a bottom 
stands tightly on a table. A liquid is poured into the vessel and as 
soon as its level reaches the height h, the pressure of the liquid raises 
the vessel. The radius of the bottom of the vessel is R and its weight 
is W. What is the density of the liquid ? 15 

4. A piston weighing W=3 kg has the form of accircular disc of 
radius R=4cm. The disc has a hole into which a thin-walled pipe 
of radius r=1 cm is inserted. Initially the piston is at the bottom 
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of the cylinder. What height will the piston rise if m=700 gm of 
water is poured into the pipe ? 10 


5. A gas flows with a velocity v along a pipe of sectional area @ 
90° bend at A. What force does the gas exert on the pipe at A if its 
density is p ? Neglect compression of the gas and friction. 10 

6. An expansible balloon filled with air floats on the surface of à 
lake with 2/3 of its volume submerged. How deep must it be sunk 
in the water so that it is just in equilibrium, neither sinking further 
nor rising.” The height of water barometer— 10 m. 10 


Full Marks 100 MGR ice chaser 


Answers of Exercises 


1. 13 c.c. 2. 11:564 m. 3. h=2:35 cm; 2°54 cm. 

4. my(2d, — d, — d4) — m,(d, — d) "KE 0 , x 103 c.cz 
s ; 005%. 5. 1:02. 6. 32x 10? c.c 

19:6N. . 7. 400 kg/m’. 8.1106gm. 9,.x-. Pw .. 
gl. 6 gm 9x CES 


10. h= Pm(Pi— Pw) Vo sap fi zd e T I . 2 S. 
XS DEEST |2. 12. 64:3 m/s. 13. 41x10? m/ 


14. v= V IgH; py—pg(h—x). 15. JZ 


Answers to Test Questions 
1. see solutions. 


2. x«I—-a— y (I ay — Is(l — 2a) - 
3. p 


= w v2 
"ügisnaQU—guiangy 4 Wem. 5. V2u%p. 6. H-5m- 


Solution to Exercises 
1. Let v be the volume of cavity. 


The external volume of the piece= volume of water displaced 


— 1264-221 , 
io 7 

The volume of matter (copper)... 264 
1000 x 8:8 


— volume of matter-- volume of cavity. 


m3, 
Now, external volume 
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-264—-221 _°264 

1000 8800 

—13x10-95m?—13 c.c. Ans. 

2. Let v be the volume of the stone. 
Then mass of the stone vx (2:5 x 1000) — 2500» kg. 
Effective downward force — weight — buoyant force 
—2500vg — (1:025 x 1000)vg 
=(2500v)x a 


Volume of cavity= 


f 1:025 x 10 
or = = —5'782 a. 
a dv CT DEPT ) 5:782 m/s 


h-1x5782x2:-1 1:564 m. Ans. 
3. (i) Let cm be the height above the mercury level and A — area 
of cross-section of the block. 
Then by law of floatation 
(5—h)x 10724 X 136x103 g=5x 10324x 72x 10°X £ 
(Formula used : weight— volume X density X g) 
or (5—h)x 13:6- 72x 5 
h-2:35 cm. Ans. 
(ii) Let A cm be in water. 
Then (5—h)xX 102x A X13°6x 109x g--h x 107 x 4 x1000 g 
—5x102xAXT2x10?g 
(5—R)13:6--h— 5xT2 
5x13:66—5xT2-12 6h 
or h-22:54 cm. Ans. 


4. (a) Let m be the mass and p be the density of the solid. 


Then m;g-mg-— E. dg se (0) 
mog=mg— id yey ys Ge) 


and myg o mg — dg s. "(ens 


From (i) and (ii) by subtracting we have 


B d-i m. 
m,— mg 
Similarly from (ii) and (iii) 
d— ds 


p=————.m 
M,—Ms 
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or M3=M_— B= dh — mà) 
mg Pis(ds— dj) — m (ds— d) 
a d,— d, 
(b) Let M be the actual mass of the body and p is its density. 
Then its apparent mass is (a- s) by the principle of Archerredes, 
p 


where c is the density of air. 
Let D be the density of brass weight. 


Ans. 


Then apparent mass of brass is (w-5 ) where W is the mass 


of brass weight. 
As the loads on the pans balance 


Bic) ea) 
or M= v(i -$)(1-2) : 


Expanding and neglecting higher powers of © 


p 
o (e 
M= "(i -$+2), 
When there is no air, M=W. 


& Error=Ww— "(i -$e2) 
D p 


95 error= «(5 -+) x10)= (2-3)« 100 
P p 
(12 12 Uy 
8000 42000 )x 100=:005. Ans. 
volume of the whole hydrometer. 


Then Tg - volume of the stem 


5. Let V= 


—'lxa where a=area of cross-section 


vessel. Mass of water pou 
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or mE 10 y. 
10 


By law of floatation 
(V —:020) x 10002 =W 
where W=weight of the hydrometer 


and (V —:040)x 1000 sg — W 
(V —:02V)x 1000g — (V — 04V)x 1000 sg C a=V) 
or s—1:02. Ans. 


6. Considering ‘vertical equilibrium’ of the rod we have 
T+ Fy= 128 +68 where Fy = buoyant force 


iene x1000g where V=total volume of the rod 


T--Y x 500g — 18g. 
Taking moment about 4 
Fyx3xcos0— 12gx2X cos0-I-6g x 4x cose 


Fy— 16g 
K x 1000g= 168 


. Or V 232x 10-3m?— 32x 103cc. Ans. 


T=18g—32x 10-°x 500g —18g—16g—2g = 19:6 N. Ans. 


7. Weight of the sphere— W (say). 
Weight of liquid displaced =4 x T x13x:8x 1000g. 


Weight of the second liquid displaced - Ax 13x pg. 
By law of floatation, 

1 
p XP^, 

—ix' 8X 1000 — 400 kg/m’. Ans. 

of water which must be poured into the 
red 5x 22x hix 1 —4nh gm. 
e the height of the centre of mass of the system from 


13x* 8x 1000g=W= "Ex" 18x pg 


or 
8. Let h be the height 


Let hem b 
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the bottom. 
hom = 30% 10+4ahx h/2 _ 300-+2nh? ; 
A 30+ 4h 30--4zh 
Xz +1NgX2 
(Formuta, Xen CUM ) 
; À 00 -- 22h? 
Length of the immersed portion 2h = TET : 


Mass of the floating System =(30+4zh). 


; 300 +27}? 
Mass x = e| (iene bad US CIN VS La 
ass of displaced water=nx 2 x( I5 Fkh ) 


By law of floatation 


30+4rh= «( m) 


15-4-2xh 
(30-+4nh)(15-+2rh) — 300 x 47-4372}? 
or 450+ 60nh-I- 60x h-I- 85253 = 1200r- 8x2h? 
or 120czh=1200n—450 
or h=10— 490 -10—1:2=8: 
h ncs 10—1:22 8:8 cm 


Mass of water-ax 25x 88x 1 =110°6 gm. Ans. 


9. Let x be the height by which both the levels go up and V2 i$ 
the volume of iron piece immersed in mercury. Then 
Vs png = Vo pig by law of floatation 
eL Vs 9m — Vopi. 

Suppose h be the initial height of the mercury columns in the 
vessels and y is the volume of the horizontal portion of the 
Connecting tube. Since volume of mercury remains constant We 


have hA-EhA' 4+ ¥=(h4+x)A4 (h4-3)4' — V4 v 
5 Va=(A+A)x 
or V op: 
Sea ey | 
AFA om S 


2 10. Let AB be the initial level. 
into wider vessel, the 
(see sol. 9) and occupy the position 
to bring the mercur 


l y level to 4p ag 
partly into the mercury and the res 


When the iron piece is dropped 
y will rise by the same amount ¥ 
CD. Let water be filled up to / 
ain. Now the iron piece will sink 
t of it will be in water. Let Va be 


level of mercur 
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me of the portion submerged in mercury. Then obviously Va 
placed to the narrow vessel. Therefore, we 
nsferred from the 


the volu 


volume of mercury is dis 
=(x-+y)A_ because the mercury tra 


can write Vs 


w vessel occupies (x+y) length of it. Con- 


wider vessel to the narro 
itial level AB we have 


sidering ‘equality of pressure’ on the in 
(x-++y)pmg =hewS 


where pm=density of mercury, py, = density of water 


(x+y)Pm= how 


or Venn =hpw or yo nip. 
A Pm 


or 


From law of floatation 


V opis = Vepmg+(Vo- Vo) PwS 
where p; ^ density of iron 


ap Vow — VaPu= Vs(9m — pw) ar VoPw 


or Vopi= Vapm 
or Vopi=hA-2 (pm — pu) + Vor 
Pra 
or hA =~ (Pm = Pw) a V (pi — pw) 
m 
— pu) V. 
fes Pm(Pi Pw) Vo . Ans. 

ex 17 "pu(Pm — Pu)A 


11. The velocity of efllux  4/2gh . 
Je falls through a vertical distance (H — h), 


Obviously when à partic 
tal distance x (say). 


hrough a horizon 
x= (/2gh)t and (H—H)-ig? 
hau emm 

H-h-Moy gg jh 


it moves t 


Then 


x?=4hH— 4h = —(4h?—4hH)= —(4h°—4hH+H?— H’) 
=H? -Qh- H}. 
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Obviously x is maximum when (2h—H)* is minimum. It is& 
positive quantity. Its minimum value is zero. 


xis maximum when 2n —H —0 or =e, Ans. 


12. By Bernoulli's theorem 


or E (2—502)— Pı =h: 
2 p 


It is given that p, — p— 100 kgf/m?=980 N/m? 


10 —505- E or v=64'3 m/s. Ans. 


13. The greatest possible value corresponds to the zero pressure 
over the wing. By Bernoulli's theorem 


mero 04 P where p,- atmospheric pressure 


or masc | 228 ~ |e 


(C po=76 cm of Hg=1:013x 105 N/m*) 
—4'1x 10? m/s. Ans. 

14. Let us consider three poinss 
1,2,3in the flow of water. The 
positions of the points are as 
shown in the figure. 

Applying Bernoulli’s theorem to 
points 1, 2 and 3 


1 
au zn tee 


BD al Aang ky, 
pt "à Fg(h— x) 


By continuity equation pl 


» 
Since 4,» > A,, aa gy sts, 


9; is negligible and Ya Vg — v (say). 
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Pot gH = Pcr tela) Bye 
v- 28H JO G) Ans- 
and PgH- Bes gH+a(h—») 
or po=ps+P8(h—x) 
pa po—Pg(h — x) de (ii) Ans. 


Thus pressure varies with distance from the upper end of the 
Pipe according to the equation (ii) and velocity is a constant and is 
given by (i). 

15. The pressure at the point 1 


th 
TA +Po 
where p,-— atmospheric pressure. 


Pressure at 2 — o. 
Applying Bernoulli's theorem to 1 and 2 


T 
34 Po 
A at 2_ Po lys 
5 T 7 Yi ra 3 Ye 
F D 
or y = Ze- Y33). 
By ‘continuity equation’ y,4 = Ys? 
F ME Ae te 2F CT. 
apcaUv ue) "owes 
A? 


ae: 
* a<<A, - aset 


Ap 
Or Ya Z. Ans. 


Solution to Test Questions 


1. (i) When it is submerged more by a short distance, the air 
inside the balloon is compressed resulting in reduction: of the 
buoyant force on it. Thus downward force (weight of the sinker 
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attached-+-weight of air in the balloon) being in excess of the 
buoyant force it sinks to the bottom. 


Gi) Let V' be the total volume of the block of wood and W is 
the weight of the block. Then by law of floatation 
(V' — V)x pug =W where p; — density of water at 1°C. 


Since wood has negligible coefficient of expansion V' may be 
Considered constant. 


WEE 
Peg 
As the temperature is gradually increased from 0°C, p, increases 
and so V increases up to 4°C when density of water becomes 
maximum. Above 4°C, p, decreases and so V decreases 
continuously. 
(iii) Reading on the scale 
= Weight of liquid and beaker + buoyant force 
=W+Vpg 
where W=weight of liquid-+ beaker, 
V=volume of the solid at °C 
and  p,—density of liquid at 1°C 


or Reading=W+ V,(1+7t)x ee 
"where V.=volume’of the solid at 0°C 
Y — coefficient of expansion of the solid 
1' — coefficient of expansion of the liquid 
or 


Reading = W+ V;py(1— (y' — 7)ng. 

AS tis increased, 

decreases because W is 
(iv) In air 

where W,= 

Wy= 


(1—(Y'—v)t] decreases and so reading also 
a constant. 


s W,—F,=W»— Fp 
Yg=weight of glass bulb, Fj= buoyant force on the bulb, 
weight of brass weights, F, = 


: buoyant force on the brass weights. 
Since the volume of the bulb is greater than brass weights 
F»F, or Wy-WHeFQRF, or Wy< Wy. 
Thus when air is removed the bulb will become heavier than the 
brass weights, 3 


QU Let H be the height of liquid in the beaker and H’ be the 
"height of the liquid after all the ice melts. 
Let A be the area of cross-section of the beaker. 
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Let V— volume of the ice block and V' is the volume of it inside 


the liquid. 
Then Vi ing XE =V' X12 X1000 x s 
PP, 
or V =To00° ice 
Volume of liquid in the beaker=AH—V’ 
Vp, 
LAH——te 


1200' 
When all the ice melts, it is converted into water of the same mass 


but of volume, say, V". 


" -— Vice 
V" 1000 =Vpice or V= 1000 


Total volume of liquid after ice melts 


3 _ VPice y VPtes. AH' 
(4n 1200 + -1000 eus 


or A(H'— H)- Vei (svoo — 1200) = t Ve 
HS HE 
So the level of the liquid will rise. 


(vi) Let h, and Ai, be the heights above the horizontal line. 


Let p, be the pressure ofthe 
entrapped air. 

Then Di — Po— sha 
and also Pi—Po= Phi 

pgh, =pghs 

or h,=hyg. 

So the entrapped air will 
not affect the reading from one end to the other. 

(vii) Steam is highly compressible. When a steam boiler blows. 
up, steam expands violently causing considerable damage while water 
being incompressible expands nominally on being released of the 
So it does not cause much damage. 


pressure. 
(viii) Since they are of the same radius, the buoyant force on each 

of them is the same. 

W-F-Vxa 

8 


where W is the weight of the hollow sphere 
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and W'—Fy= T xa 


where W' — weight of solid sphere. 


a "(1i-2)-n-wQ-2 
g g 
W'W 


But 
eee ieee c 
8 & 
or a«a'. 


Hence the solid sphere arrives at the ground earlier. 


(ix) No. Rain drops of different sizes reach the earth with 
different speeds. The terminal velocity acquired by a drop is pro- 
portional to the square of its radius. 

At the final stage, 


upward viscous force 2 downward driving force 


or 6anrv=SFr%(p—o)g 

or voor’, 

(x) For floatation we have 
n weight of the body= weight of the liquid displaced 
A Vog=V'p'g 


where V=volume of 


the body, V’=volume of the submerged 
Portion of the body 


or M pv 

y. p 
Thus the ratio of the volume submerged to the total volume is 
ependent of the acceleration due to gravity.t 
Hence in free space and on the surface of Jupiter the cork will 
ther sink more nor float out more. 


ind 
nie 


oX to The pressure difference on the two sides of a tennis ball due 
3 ate P "eu Imparted to it is greater because of its roughness than 
ball al. This is why it is easier to throw a curve with a tennis 


the Same z high speed of the train, the pressure of the air between 
i a t e man may fall considerably and the pressure difference 
may be sulliciently high to push the man towards the speedy train. 
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(xiii) The level of water rises. See proof in Introductory Physics, 
Part I, Chapter 13. . 
(xiv) To pass on to the stable equilibrium position. 
(xv) P=Do (atmospheric pressure). In general p=po+p(g+a)h. 
Herea— —g. Therefore. p=Po- 
2. Let x - BC— length submerged in water. 
Then Fp=buoyant force — xa x 1000g 
W — weight of the rod — la = 1000sg 
where a is the area of cross-section of the rod. 
Considering linear equilibrium of the rod 
lax 1000sg = xa x 1000¢+R 
where R is the reaction of the support at O. 
Considering rotational equilibrium of the rod about O 


la X1000sg x (F-a)eoso =(xax 1002¢)(1-a— ies 


1 
QE s(4-2)- (17-3) or ls(1I—2a) -x(21—2a — x) 


or ls(L-2a)92x(0—a)-x'5; or x'—-2x(—a)J-Is(1—22)-0 
; x=(l—a)Ł Aa) - (1. 2a) 
Since x</—a, only one solution is valid. 
i x= l—a)— y(l—a)’—Is(l—2a). Ans. 
3. The thrust on the base is always equal to the ‘area of the base 
X pressure on the base’ i.e. it 


is equal to the weight of the ,0 
vertical column of the liquid FANN 
(ABCD) standing on the base / | M 

DEW Ear MNEs 


AB, whatever be the shape of 
the vessel. Therefore here the 
total thrust on the base weight 
of the liquid in the truncated 
cone ABEF+weight of the 
liquid in the remaining portion [15 

of the liquid column ABCD. A N B 

This latter is the thrust exerted by the inclined walls AF and BE on the 
base. By Newton’s third law the same thrust is exerted by the liquid 
on the inclined walls. Hence when this thrust is equal to the weigh 
of the vessel, it will be just lifted. Therefore ght 

W = weight of the liquid in the portion (ABCD — ABEF) 
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Volume of ABCD —zR*h 


Volume of ABEF 
— volume of the cone OAB—volume of the cone OEF 


=inR®h,—$nrth, where h— ON and h,—- OM. 


Now h, =R cota and /i;—r cota 
& hy—h=(R-—r)cota 
or h=(R-—r)cota or r=R—h tana 


Volume of ABEF 
=inR?®R cota — 4n(R — hi tana)*.(R — h tana)cota 
— in cota[ R$ — (R— h tana)*] 
Volume of the remaining 
—nR3h — 1n cota[ R? — R? 4-3 R? tana — 3RI?tan*a + h3tan?a] 
—aRHh— | R?h — RI?tana-4- 3 *tan*a] 
—n[R?h — Rh + Re tana— ji?tan?a] 
=n[Rh?tana — 1/ftan?a] 2 a/?[Rtana — $Atan*a] 
Weight of the liquid in the remaining volume 
—nh*ptana(R — ihtana)g 
W =xh*ptana(R— thtana)g 
HOM S ccn C, ia Ss 
nl?gtano(R — jfitana) 
4. Area of the piston —z(R? —7?). 
Pressure on the base = pg(H +h) 
where p— density of water. 
Also pressure on the base 


or p 


_(W+m)g 
mR? 
(pressure Salut ) 
area 
cj cL OF x m)g 
pg(H +h) aR? 
or (W+m) 

H+ h=———— E. Y 
" n. R?p o 


Considering equilibrium of the piston 
upward thrust — weight of the piston 
n(R°— r?)pgl; = Wg 
ese DV Y 
x R) 
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From (1) and (2) 
je W+m_ W 


1 r? 
= m—W. 
at R- :) 
3x 1? x1074 


PE 1 7 
2X4 X107x uo" (42—15)x107- ) 
1 


3 
= anes 
ve z) 
H= 5 =-70m=10cm. Ans: 
: stór 
5. Take x-axis along the flow and y-axis perp. to it. 
x a 
Vinittat = V E 
> = 
Vinal =V J 
> > > 


^v Vv 
> ene A 
Á JAY | 5v»x-2. 
The mass flowing through a section in every second=avp kg/s. 
Rate of change of momentum per second 
=v4/2 Xavp= 4/2 av?p. 
By Newton’s law this is force exerted by the gas on the pipe. és 
-. Forcerequired— 4/2av?p. Ans. 

6. Let V be the volume of the balloon and p, density of air. Then 

by law of floatation 
Vpsg—$VPwg Or Po=}Pw O 

The balloon will just sink when the density of air becomes equal 
to the density of water due to compression. Let V' be the compressed 
volume of the balloon. 


Then ul — density of compressed air— py 


or V'=3V. 
By Boyle’s law, DoV=(Pot Pug HV" 
Pw X 10V = (Pug 10+ pug H) x iV 


10x2 104 H or H=5m. Ans. 
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LESSON 9 


Topics : Surface Tension 
Errors and 
their Measurements 


woceenu A 


9.1 Surface Tension and Surface Energy 


Surface Tension. The property by which a liquid surface tends to 
contract and occupy minimum area is called surface tension of the 
liquid. It is caused by forces of attraction between the molecules of 
the liquid. A molecule on the free surface of a liquid experiences a 
net resultant force which tends to draw it into the liquid. Surface 
tension is actually a manifestation of such forces experienced by the 
surface molecules, 

If an imaginary line is drawn ona 
acting per unit Jength of this line is 
Its unit is therefore newton/metre. 
surface. For curved surfaces, 
liquid surface at every point. 


liquid surface, then the force 
defined as the surface tension. 
This force acts along the liquid 
the force acts tangentially to the 


Surface Energy. Due to surface tension a li 


‘potential energy. This energy per unit are 
the surace energy of the liquid. Unit, joule per Square metre, The 
Surface energy of a liquid has the 

tension, 


quid surface possesses 


mutually perpendi- 
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Gy pas 


r 
For a gas bubble inside a liqui Lrn- i 
"M g liquid, r,—r,—r and there is only one 
pouty 
r 
For a cylindrical surface r,—r and ra=% and there are two 
surfaces. 
P= 2T 
m 
Angle of Contact. The angle made by the surface of a liquid with 
the solid surface inside the liquid at the point of contact is called 
angle of contact. It is this angle at which the surface tension acts 


on the wall of the container. 
The angle of contact 6 depends on the natures of the liquid and 


7 
, 


^ 
ZE ZA 3 
(i) a 
t. If the liquid ‘wets’ the solid (e.g., water and glass), 


In most cases, 9 is acute (fig. i). In 
glass, © is obtuse (fig. ii). 


solid in contac 
the angle of contact is zero. 


the special case of mercury on 
Rise of a liquid in a capillary tube. In a thin (capillary) tube, the free 


surface of the liquid b: comes curved. The forces of surface tension 
at the edges of the liquid surface then acquire a vertical component. 

The upward force by which a liquid 
surface is pulled up ina capillary tube 
is 2nr Tcos0, and downward force due to 
gravitational pull on the mass of liquid 
in the tube is (zxr?h--Y) P£ where v is 


the volume above the liquid meniscus. iit eT) P 


If @=0°, the meniscus is hemispherical in h 


meniscus 


f 


ll 
7 | 
Gays 


At, ATTN A 


Shape. Then y=difference of volumes of 


cylinder of radius 7 and height r and Wi 


volume of hemisphere of radius r 


=r — E SEM 


452 COACHING AT YOUR HOME PHYSICS 


When 00, we cannot calculaié v which 
end so it may be neglected. 
For equilibrium we have 


is generally very small 


(xr? v)pg — 2nrTcoso. 

When a glass capillary tube is dipped in mercury, the meniscus 
is convex, since the angle of contact is obtuse. 
forces now acquire a downward component, and the level of mer- 
cury inside the tube falls below the level outside it. The relation 
2T cos 0— hpgr may be used to obtain the fall in the mercury level. 


The surface tension 


9.2 Errors and their Propagation 


Errors. If X is the average value of a number of observations. of 
a physical quantity then XY, — EXC YS 
the errors denoted by ôi, 85, 83 


Average or Mean Error. The a 
the average error. 


> Xy— X .... are called 


verage of the mod of errors is called 


ea Leb | he] + 18] Lon 
n 


Mean Square Error. The mean of the s 


quares of the errors is called 
mean square error. 


n 


Root Mean Square Error. The 


Square root of the mea 
1s called root mean Square (rm 


8) error. 


————— 
8 = / ERE. TI ag 
rms = Tian hina sae 


n Square error 


Standard Error or Deviation. 
error of a large number of o 
tions) is called Standard error 


The square root of the mean square 


bservations (infinite number of observa- 
or standard deviation. 


aà [baat a ST g 
S v. E “— when nis large. 
o zr is the number of Observations, then the standard deviation 


n 
oe 


r Sea 
=/ ERGs neg 
n—1i 3 
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Propagation rule of meaa‘or average deviation or errors. Absolute errors 
propagate in a sum or difference of two physical quantities. 

A Percentage errors or deviation propagate in a product or quo- 
tient of two physical quantities. 

Propagation Rules of Standard Deviations. 

If 4=B-+-C, then 

o= Gp" -Foc*. 
If A=BxC, then 
2 2 2 
Sa \ Lag op Sc Y 
ip 1 ( A I x) +) : 
If A=B/C, then 
2 2 2 
SOR py (FSH Es BLR 
CeCe) 

Significant figures of a number. Consider a number 37489210. This 
is quite a big number. All the figures are not equally significant 
here. For example figure 1 here stands for 10 which is negligible in 
comparison to figure 3 whose ‘place value’ is 3000000. The figures 
which are significant in a number are called significant figures. 
These are figures occurring in the beginning of a number. The above 
number is 37490000, 37500000, 38000000....up to 4th, 3rd, 2nd 
places of significant figure. 

Rules for rounding of significant figures. If the succeeding figure is 
greater than 5, the figure is increased by 1, otherwise it is left un- 


changed. If the succeeding figure be 5 itself then the figure is raised 
by 1 if it is odd, and left unchanged if it is even. 


CRITICAL QUESTIONS 

1. The surface of a liquid is frequently likened to a stretched 
membrane. In what respect does the analogy fail and in what 
respect is it similar ? 

Ans. When an elastic membrane is stretched, the force of tension 
depends on the amount of deformation of the membrane. But in 
case of the surface of a liquid it does not depend on the increase or 
decrease of area. It is determined by the property of the liquid. 
They are similar in respect of their tendency to contract and occupy 
minimum area. 

2. To remove a grease spot from a fabric petro] should be 
applied to the edges of the spot, while the spot itself should never be 
wetted with petrol immediately. Why not ? 
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Ans. The surface tension of pure petrol is less than that of petrol 
in which grease is dissolved. For this reason petrol applied to the 
edges will contract towards the centre. If the spot itself is wetted, it 
will spread all over the fabric due to capillary action. 


3. Water can rise to a height h in a certain capillary tube. 
Suppose that this tube is immersed in water so that only a height h/2 
is above the surface. Will you have a fountain or not ? Explain. 

Ans. No, we will not have a fountain. The curvature of the free 
liquid surface at the top of the tube will change till the upward force 


2nr Tcos balances the gravitational pull of the column of liquid of 
height 4/2. 


4. Why is moisture retained longer in soil if it is harrowed ? 


Ans. When soil is not harrowed, there are large capillaries in 
the soil. Water in the soil rises up the capillary holes to the surface 
from where it is evaporated continuosly. Thus the soil continuously 
loses water. When harrowed, all these capillaries are destroyed, and 


so capillary suction stops altogether. Thus water is retained in the 
soil longer. 


5. Light bodies that can be wetted b 
match box sticks) attract each other whil 
be wetted (say when coated with thin layer of wax) they again attract 
each other. If, however, one can be wetted and the other cannot be 
wetted they repel each other. Explain these phenomena. 

Ans. When both are wetted b 
Surfaces are shown in figure. 
each body experiences force to 


y water (for example, two 
€ floating. If they cannot 


Y water, the shape of the liquid 
Resolution of forces show that the 
wards each other, Force on A to the 


right =T (sino' — sino), Since the height of water is insufficient, 6’> 9 or 
siné’>sin®. So the force is positive to the right. In terms pressure 
difference on the curved surfaces the same can be understood in this 
way : Because of curvature of ihe surface of the liquid between 4 
and B, the pressure at any point is less than the atmospheric 
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pressure and so they are pressed together by the side atmospheric 
Pressure. 


When both the bodies cannot be wetted by water, the shape and 
direction of forces are as shown in the second figure. Similar con- 
sideration show that they attract each other. 

When one, say A, cannot be wetted and B can be wetted, 
then shape and inclination of forces are as shown in the third figure. 
Similar consideration show that they repel each other. 

6. Why rain drops are spherical in shape ? 

Ans. Because of surface tension of water. Due to surface tension 


the surface of a small volume of water tends to occupy minimum 
area, The area of a given volume of water has minimun value for 
Spherical shape. 

7. Two capillary tubes A and B 
are immersed in  water—one is 
Straight and the other is in form of 
a rectangular U-tube. The tube 4 
is sufficiently long. The lower end 
of the bent tube is at a depth H. 
What form will the meniscus take 
and will therse be any flow of the 
water? Consider the following 
five cases : (a) H>h, (b H=h, 
(c) Oc zz 5, (d) H=0, (e) H «0. 
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Ans. In a capillary tube the height of the liquid that can be 
retained is given by nr?pg —2nrTcos0 where 0 is the angle at which 
the liquid meets the solid. hpgr — 2Tcos0. 


(a) Since H>h, surface tension cannot sustain the column of 
water and so water flows out. 


(b) Since H=h, the water does not flow out. The meniscus is 
conyex. 


(c) The water does not flow out. 
Jess curved than in the second case. 
(d) The water does not flow out. The meniscus is flat. ~ 
(e) The water does not flow out. 


The meniscus is convex and is 


The meniscus is concave. 
8 Why does the end of a glass rod become round on being 
heated strongly ? 


Ans. The end of a glass rod becomes round on being heated 
because of surface tension of molten glass. 


9. Explain how an iron can be used to remove greasy spots from 
clothing. 


Ans. The grease melts, and capillary forces carry it to the surfrce 
of the cold fabric placed under the clothing, wher it is soaked. 


10. Why do drops of water appear at the end of a piece of fire- 


wood when it is being dried in the sun while its other end is in the 
shadow ? 


Ans. The end in the shadow is colder than the end in the sun. 
The capillary forces drive the water in this direction. 


11. A capillary tube is dipped in water vertically. It is sufficiently 
long so that water rises to the maximum height ‘h’ in the tube. The 
length of the portion immersed in water is lech. 
the tube is closed, the tube is taken out and opene 
the water flow out of the tube 2 Explain. 


The lower end of 
dagain. Will all 


Ans. No, no water will 
come out. When the tube 
is taken out, a convex menis- 
cus is formed and a force due 
to surface tension is called into 
playin the upward direction 
to sustain the water in the 
tube. Thus the length of the 
water column remaining in 
the tube will be Z+}. 


f 


"What will happen ? 
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12. Two soap bubbles 4 $ 
and B of different diameters Nay 


are blown at the two ends of a (CERE DET 
bent tube. By opening the RM a 
stop cock S, the two bubbles 

AU s) 


are put in communication. 


Ans. The excess pressure 
inside a soap bubble is inversely proportional to its radius. Hence, 
the pressure inside 4 is greater than the pressure inside B. Air will 
flow from 4 to B. Therefore, A will become smaller and B will 
become larger. 


OBJECTIVE QUESTIONS 


1. When a capillary glass tube of insufficient length (i.e., length 
smaller than the capillary rise possible in that tube) is immersed in 
water, the water surface at the top of the tube makes an angle 0 with 
the vertical wall of the tube. Then 


(a) 020, | (b)6«06, (c) 0=0 (d) 90°, where 9, is the 
angle of contact. 
Ans. (a). 
2. On increasing the temperature of water: its surface tension 
(a) increases, | (b) decreases, (c) remains unchanged, (d) non 
of these. 
, Ans. (b). 
3. The excess of pressure inside a bubble in a liquid is 
2T 3T 
@ wos eos @ = 
Ans. (€). 
4. A bubble of radius 1 cm is blown in water. The work done 
by the blower is (T=:07 N/m and 2-3) 
(a) 100 mJ, (b) 84 uJ, (c) 84 mJ, (d) 100 pJ. 
Ans. (b). Work done —areax surface energy 
=area X surface tension 
=4zr°T=4X3x 012x 07 
=84X 10-5 J= 84 pJ. 
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5. The surface tension of soap water is 03 N/m. The excess of 
pressure inside a soap bubble of radius 1 mm is 

(a) 12 N/m*, (b) -12 N/m*, (c) 1:2 N/m?, (d) 120 N/m®. 

4T 4x03 _ : 

Ans. (d). DEETCCMISGIUGE 120 N/m?. 

6. The surface tension of mercury is -50 N/m and its angle of 
contact is 120°. The depth to which it is depressed in a capillary 
tube of radius 1 mm is (neglect mass in the meniscus) 

(a) '375 cm, (b) 3:75 cm, (c) 3:75 mm, (d) :375 mm. 

Ans. (c). We have 2nrTcos0 — nr'phe(neglecting mass in the 


meniscus). 
Hence 4-2Tco0s0 ^ 2x 5x cos120° 


pgr 13600x 9:8x 107 


—3/5x10-3 m—3:75 mm. 
7. À soap bubble is placed on another Soap bubble. The angles 
at which the films meet at the points of contact is 
(a) 90°, (b) 60°, (c) 1209, (d) 459. 
Ans. (c). At any point the forces of surface tension are in equi- 


librium and they are of the same magnitude. This is possible only 
When the angles between them are 120°. 


8. The meniscus between two vertical parallel glass plates dipped 
in water is 
(a) spherical, (b) flat, (c) cylindrical, (d) none of these. 
Ans. (c). 
: 9. A liquid wets a solid completely. The meniscus of the liquid 
In à sufficiently long tube is 
(a) flat, (b) concave, (c) convex, (d) none of these. 
Ans. (b). 


10. Water rises in a capillary tube completely wettable by water 
Up to a heigh 


F 1 th. The tube is gradually depressed into the water, 
he height at which the surface becomes flat is 


@ ih (515, (c) 4h, (d) zero. 
Ans. (d). For equilibrium in an insufficiently long tube we have, 
2nrTcosd — (arte Or coso — reg. 
2T 


When the surface is flat 0999 h=0. 
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11. Water rises in a capillary tube completely wettable by water 
to a height A. The tube is gradually depressed into the water. When 
the height above the water level is 3 4, the radius of curvature of the 
meniscus is (the radius of the capillary is 7) 


(a)r, (D 25 (9 in (Dir. 
Ans. (b). For equilibrium of liquid we have 
2nrTcos0—(nzr?h'p)g or 2Tcos0—rh'pg. 
When sufficiently long 9-0? and 4A'—4. 
2T=rhpg. 


When Wad, 2Tcos0 =r pg or cosé=}. 


=> 


If R is the radius of the meniscus, then 
r= Rcos8 


Errors 

1. When the number 6498734 is rounded up to four significant 
figures, it becomes.... 

Ans. 6499000 or 6:499 x 10’. 

2. When the number 603587 is rounded up to second place of 
decimals, it becomes. . .. 

Ans. 6:04. 

4 3. When the number 5:678536 is rounded up to third place of 
decimals, it becomes. ... - 

Ans. 5:618. 

4. When 2:0347 is added to 1577, the sum is.... . 

Ans. The ordinary sum is 17:7347. Since there are three signi- 
ficant figures in the minimum, the ordinary sum has to be rounded 
off up to three places. On rounding 17:7347 up to three places it 
becomes 177. So the answer is 17:7. 


5. In the measurement of n from the formula 
n- 2Wgl 


nr 


the quantity which should be measured with the best care is.... 


Ans. r. 
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6. The measure, of the length of a rectangle are ; 
1— (3:00 40°01) cm and breadth b= (2:00 + 0:02 cma). 
The aréa of the rectangle is.... . wi 
Ans. 1—3:00 € 0:3395, 5 —2:00 + 1% 
A-—Ix b-600 13395 —(6:00 30:08) cm2. Ans. 
7. Time of fall of a body — (10:0 + 00:5) s. 
Acceleration due to gravity =(9 8 +0-2) m/s?, 
The percentage error in distance described is. . . 


Ans. S- gh-bx 10:03: 9:8 =49 


f£— 1070 + 00:5 = 10:0 + 5:0% 
8—9:8£02—9:8 +20% 


1 1 
= tôt- —t? 
OSs x8 2tat+ Sieg 


aS Jof , og 
"opens 
% error in S=2x 5:0-E2:0 
=10°0+2°0: 
=12 
S=49+ 12% =(49+0°6) cm. Ans. 
EXAMPLES 


1. A bubble of Soap water is increased in size from 2 cm to 
^cm. Calculate the work done by the blower. 
Surface tension of Soap water =:03 N/m. 


Sol. Work done — increase in area X surface tension 


—2X 4r (rà —r)x T, multiplied by 2 because 
there are two surfaces of a soap bubble 

= 8n (42— 22) 10-4 joule-9:0x 18-4 joule. Ans. 
MEA IER à capillary tube with a radius r is immersed. into 
anica ved when the water rises in the 


l energy conser 
tube ? The tube is sufficiently long. If not, caleulate the energy 


Sol. We have j D ae ax 
and glass) $n the equilibrium position (0—0? for pure water 
2n rT cos 0°=zr?hpg or h= 2T. 
pgr 
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Work done by surface tension '^ 


Saha, 
pg 


Potential energy of water in the tube—(zr?/p) gh/2, it is multi- 
plied by 34 because the cg of the water in the capillary tube is at a 


height $h 

= his 

E ET 

Thus it is seen that the mechanical energy is not conserved. 


j 2 2 2 
Mechanical energy loss= ae = 2nT? 2S Ans. 


This energy is converted into heat. 

3. A cube of mass m=800 gm wettable by water floats on the 
surface of water. The cube is 10 cm on each edge. By what addi- 
tional distance is it buoyed up or down by surface tension ? 

Surface tension of water="07 N/m. 
Sol. If surface tension is neglected the condition for floating gives 
800 x 10-8g = (1? x xp)g 

or x='08 m (p=1000 kg/m? for water) 
Since the cube is wettable by water, angle of contact is zero and the 
force of surface tension acts vertically downwards. So it is buoyed 
down by surface tension. 

800 x 10-g 2-4 x :1 xX °07=(-12x x'p)g 
or x—08-4- 028 — 08-28 10-4 
The additional distance =2°8 x 10-4 m. 

4, A glass capillary tube of internal radius r=0:25 mm is immer- 
sed into water. - The top end of the tube projects by 2 cm above the 
surface of the water. At what angle does the liquid meet the tube ? 

Surface tension of water —:07 N/m. 

Sol. Water wets glass and so the angle of contact is zero. Neg- 
lecting the small mass is the meniscus we have for full rise, 
2T 2x07 
Teg ^ :25x10-37x 1000x 9:8 

="057 m 2577 cm. 


2nrT—mrhpg or h= 
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But here the tube is only 2 cm above water and so water will rise 
by 2 cm and meet the tube at such an angle that 


2nrT cos —nr? h'pg 


or 2T cos0—h'rpg or cope TRE. 


H mI 10x 25x10-x1000x9:8 . 
& VI NUT exam OST ea ='35 


or 0—70?. Ans. 


5. A soap bubble of radius r is 
of radius R. What is the radi 
bubbles ? 


placed on another soap bubble 
us of the film separating the two 


Sol. Excess of pressure inside the first bubble. 47 


; 4 
Excess of pressure in the second —. 47. 


——. 


4. Excess of pressure on the two sides of Separating film 


1 1 
=4r( 1—1 l 
If R' is the radius of the film, then excess of pressure inside of it 
ís AT, 
mW 


“ip o PA ee 
wu ) 
or MT 


1 


6. Calculate the difference in water levels in t 
capillary tubes of d 


: i iameter d=1 mm ard d 
tension of water =:07 N/m and angle of contact 
water=0°, 


wo communicating 
=1'5 mm. Surface 
between glass anc 


Sol. Pressure at 4 — py— 2Tcose 
Lo 
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(^ pressure inside a curved 
surface is greater than outside). 


Pressure at B= p, 2 Tsose 
1 
Pressure difference 
227 vos -L EJ 


Let this pressure difference 
correspond to ‘h’ unit of the liquid. 


Then 2Teose( + - ij pgh 
Ty Ts 


ja 2Tcoso, a Sp 
pg Ti Ts 

S201. 1 y 1 ) 
1000x9:8 \ 1241073 15x 1075, 


—4"716x10- m=476 mm. Ans. 


ERRORS 


1. The errors in ten observations of a physical quantity are 
—0:55, +0°43, --0:05, —0:36, 0:08, —0:05, 0:00, —0-03, —0°05, 
--0:06. Calculate the mean deviation, root mean square deviation 
and standard deviation. 


0:55--0:43-- 0:054-0* 500; 08 --0:05-1-0*00-1-0:03 


Sol. 8= --0:05 4- 0:06 
2 10 
—0:165—0:16. Ans. 
0*552-1-0:432-1-0:052-1- 0:363-1- 0:082-1- 0:052-1-0:002-1- 0:032 
rM +0:052 - 0:062 
rms 10 Sees Sar 
— 16354 _ .96354 
10 
or 8¢ms =0°2520=0'25. Ans. 


© (standard deviation) = EGER —0:3254—0:32. Ans. 
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2. Show that percentage error in the measurement of a physical 
quantity m given by m=k tano where kis a constant is minimum. 
when 6 =45°. 

Sol. Since m=k tang, 

differentiating, ém=k sec?0 20 
2k 


= x 100; 


ale 


om 
9/ error = — x 100 = — 
% m si 


Obviously percentage error is minimum when sin 20=1 
or 9459, 
3. Show that the percentage error in the measurement of a physi- 


cal quantity X given by X= fe where a and J, are constants 
p= 
is minimum when /=/,/2. 
Sol. We have yea 
hal 


Differentiating, aX¥= fe kal 10 7 D)-*(— 01) 
fs ; 


.. aol alol 


db (hE 


0X _ al, al _ hel 


Obviously 3 is minimum when [(/)—1) is maximum, 


: d 
that is, gl- 1)=0 or /,—21-0 
or l 
[0p 
2 Proved. 
EXERCISES 


1. A capillary tube is di 
=10 cm below the xs 


urface of 
height of h=4 cm. REN 


Water rises in the tube to a 
What gauge pre 


Ssure (i.e., excess of pressure 


Pped in water with its lower end 


a 


A — — ener 
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above the atmospheric pressure; a gauge measures this difference) 
is required to blow a hemispherical bubble at the lower end of the 
tube ? 

2. Derive an expression for the height of capillary rise between 
two parallel plates dipping in a liquid of density c separated by a 
distance d. The surface tension of the liquid is 7. 

3. A tube of circular section and outer radius 0:14 cm is closed at 
one end. This end is weighted so that the tube floats vertically. 
The total mass of the tube is 0'20 gm. If the angle of contact is 
zero, how far below the water surface is the bottom of the tube ? 
Surface tension of water —:07 N/m. 

4. A drop of water of mass m —0:2 gm is placed between two well 
cleaned glass plates, the distance between which is 0'01 cm. Find 
the force of attraction between the plates. Surface tension of water 
='07 N/m. : 
` 5, There are 1000 droplets of mercury of 1 mm diameter on a 
glass plate. Subsequently they merged into one big drop. How wiil 
the surface energy of the surface layer change? The process is 
isothermal. Surface tension of mercury — 475 N/m. 

6. A vessel filled with air under pressure p, contains a soap 
bubble of diameter d. The air pressure having been reduced iso- 
thermally n-fold, the bubble diameter increased r-fold. Find the 
surface tension of the soap water solution. 

7. The diameter of a gas bubble formed at the bottom of a pond 
isd=4 cm. When the bubble rises to the surface its diameter 
L1 times. Find the depth of the pond. 
fference in height of mercury columns in two 
apillary tubes whose PADS ate E 0:5 
ZI if the angle of contact is 0— . Surface 
odes duy c djs N/m and relative density of mercury — 13:6. 

— 1:5 mm is inserted symmetrically 


lass rod of diameter d=! 
i 5 Am capillary with inside diameter d;—2:0 mm. Then the 
ME ertically oriented and brought in contact with 


ment is v ] ntact 
whole arrange To what height will the water rise in the 


the surface of water. i 
capillary ? Surface tension of water — 0:07 N/m. 


TEST YOURSELF 
A liquid always meets a solid surface at the angle of 


increases n 
8. Find the di 
communicating vertical c 


1. (i) 


contact. 
C. v. H »uv.-30 


Is it true or false ? 
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(ii) Water rises in a capillary tube up to h when it is sufficiently 
long. If the tube is then depressed to an extent /» A and then lifted 
out of water after closing the lower end, what length of water will be 
retained in the tube on opening the lower end in air ? 

Gii) When there is a thin layer of water in between two glass 
plates there is a strong attraction between them. Explain this. Do 
the plates attract when there isa thin layer of mercury ? 

(iv) Is a floating glass cube in mercury buoyed up or down by its 
surface tension in water ? 

(v) How many oscillations should be tried at 50 cm length of a 
simple pendulum if the least count of a Stop watch is 1 s and the 
least count of a metre scale is | mm ? 

(vi) The force of attraction between identical molecules is called 
EIS T force and that between dissimilar molecules is called...... 
(vii) The excess of pressure inside a Soap bubble of diameter d is 

SZ 8T 2T T 
a) —7-—, (b) =, ==; =: 
@ —. 9 AL 9 4, 7 


(viii) The standard deviation of n deviations or errors is 


(ix) The root mean Square deviation of n deviations is 


e JE, © PTE, © (LE @ y 


2x 10=20 
Answer any five of the following : 


2. A glass tube of inside diameter 1 mm is dipped verticlly into a 
container of mercury, with its lower end 1 cm below the mercury 


surface, What is the Bauge pressure of air in the tube to blow a 
hemispherical bubble at 


its lowe d? Surf. i 
='500 N/m. wer en uriace tension of mercury 


5x 6=30 


3. A A of insufficient length is immersed in -water (surface 
tension = 7 N/m) With 3 cm of it projecting vertically upwards 
outside the water. What is the radius of the meniscus? Radius of 
the tube=1 mm, 
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4. Find the pressure in anair bubble of diameter d —4 um, located 
at a depth h=5 m. The atmospheric pressure p; — 105 N/m?. Surface 
tension of water="07 N/m. 

5. Find the force of attraction between two parallel glass plates, 
separated by distance d—0:1 mm, after a drop of water of mass 
m — 70 mg was introduced between them. The wetting is assumed to 
be complete. Surface tension of water —0:07 N/m. 


6. A vertical capillary is brought in contact with the water 
surface. What amount of heat is liberated while the water rises 
along the capillary ? The wetting is assumed to be complete, the 
surface tension equals to T. 

7. The measure of the radius of a sphere is (422+2%) cm. 
Calculate the percentage error in volume and area of the sphere. 


Answers of Exercises 


1. 1372 N/m?. 2. A 3. 42cm. 4. 28 N. 5. 1:34x 1075 J. 
Án | 
iin 
S 7. 5m. 8. 10:6 mm. 9. 577 cm. 


Answers to Test Questions 
1. See solutions. 2. 3333 N/m*. 3. t4 mm. 4. 22x 10° N/m?. 


5, 98 N. 6. zT, 7. 31546%; 224+4%. 


Solutions to Exercises 


1. For rise of water in the tube we have 
2urT cos 0 — (xr?hp)g 
(neglecting water in the meniscus) 


OL 2T=rpgh C~ 0—0? for water and glass) 
or T -gegh- bx 1000x 9:8x 04 = 196. 
When a hemispherical bubble is blown at the lower end, 
pressure outside = po (atmospheric pressure)+ pg 
pressure needed =p (pressure inside). 
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Ji 
Pressure difference =p — (p,-I-pgI) = E 


2T 
Or P=Pot+ pgl+ EPI 


=Pot+ 1000 9:8x -1--2x 196 
— po-1-980 4- 392 
The gauge pressure needed = 1372 N/m?. Ans. 


2. The meniscus in between two plates is cylindrical in Shape. 


T 


Pressure at A (lowest point orthe 
meniscus 


mien 
Pressure at B — pressure at Cp, 


— pressure at 4+-pgh 


Po= Py. + 0gh 


Sr or [s 2T, Ans. 
PET pgi 
Alternative method : Force upward —2/T cos 0=21T 
(^ 6-0) 
-Gravitational pull = (volume x density) g = Ihdpg 
2IT = lhdpg 
2T 
or h= 0 
pgd 
3. Upward force = (nr*/p)g, where p — density of water. 
Downward force -mg--2nzrT. 
^ nr*lpg — mg-F-2zrT 
1-. mg " 2nrT m 25, 
nr’pg  mrog nrp | per 
n l 2x103 2x-07 


Bis case e d X:07 p meth 
nX'l43x 10-* 1000 t 1000 x 9:8 “14x 10-2 
= 2x1023 14 
mia | oR jax ig ~ 0324-010 
= 042 m-— 4:2 cm Ans. 


| 
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4. Let R bethe radius of the cir- 
cular layer of water. Then x R*dXx p —m. 


Pressure at 4 —p,— a 


(~ meniscus is cylindrical in shape). 
Thus pressure between the plates is less than the atmospheric 
pressure and so the plates are pressed together as if plates are attrac- 
ted by themselves towards each other. 
Force of attraction= A px area 


=F xam 


2T m _ 27m 


d dp dp 


_ 2x:2x103x-07 
~ 701?x 1071x1000 
—2/:8 N. Ans. 
5. Surface energy of 1000 droplets = 1000(4z x ‘05° x 1075) x :475 
—]:49 x 1075 J. 
Volume of 1000 droplets — volume of the drop 


3 
1000 x (05) EMO or r=10x'5 mm. 
Surface energy of the drop =4r x *5®x 1075x475 
=1:49x 10 J 
Loss in surface energy = 1'49 x 10-5— 1:49 x 10-8 
=1:34x 105 J. Ans. 
6. For the air enclosed in the bubble we have from pV=nRT 


ST V = js _ (Po 8T 3 x 
(p+ ay Xd — + gre 


n rd 
or Po 8T Por? 8T? 
d 
: 8T 
(ee = 2 (pal 
or zd A db 
qeu 
xd E! 
or T= gx BT Ans. 


470 COACHING AT YOUR HOME PHYSICS 


7. By the formula pV =mRT we have 


(pero T) Za (pot E ye (the bubble has only 


one surface) 
pressure x volume — pressure x volume. 


h= do) — Vpot ATQ? = 1) 
pum COM. AUB CMM IDEM 
pugd 


_ 4x 1075(1:135— 1) x 1052-4 x :07(1:12 — 1) 
"i 1000 x 9:8x 4x 10-8 


=Sm. Ans. 
8. See Ex. 6. h= 2Tcoso (1 1) 
Pg Sr. 


2X 4I5x cos $3 C 2 a 2 
13:6x 1000x 9'8 \ 5x10 ^ Tx 10-3 

2 —2x415x"M3x2, _ 

Hx 13:6x 9:8 (2-0 

——10:6x10-? m= —10'6 mm. ' Ans. 


: A 4T 
9. The pressure in the meniscus = po — ————— 
> Po =a) 
C~ the cylindrical meniscus has radius Eun ) 

Pressure difference with flat surface = od (ee 
d,—d, 

shy 

qued: =pgh 
AR 
p8(da— d) 


See AUE UIT UN 
1000x9:8(2—1:5)x10- 98x5 


=57 cm. Ans. 
Answers to Test Questions 
LE liquid generally meets a solid surface at the angle of 
EUR ys not always. For example in an insufficiently long tube, 
the liqui meets at an angle greater than the angle of contact, if the 
liquid wets the solid. 
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(ii) A+ h=2h. 

(iii) The pressure in between plates is less than atmospheric 
pressure because of the fact that the pressure inside a bubble or 
drop is greater than the outside pressure. The atmospheric pressure 
from the sides presses the two plates together. No, the plates are 
pulled away from each other. 

(iv) It is buoyed up by surface tension. In water it is buoyed 
down by surface tension. 
(v) The time period of the pendulum is about 1°45. The per- 


1mm " 
, = -x100—0:2. Th 1 
centage error of length Uc x e time measurement 


% error of the same order. Let t be the total time to be 


must have 


considered. Then % error in time = Tix 100-02 


or 1—50 s. 


No. of oscillations to be tried - 0 =35. Ans. 


(vi) cohesive; adhesive. (viii) (b). (ix) (c). (x) (a). 
insi 4T 
2. Pressure inside the bubble =p)+ pgh+—- 


The gauge pressure = pressure difference — pgh AE 


—13:6x 1000 x 9°8x 1072-- ex — 1333-2000 — 3333 N/m?. 


3. We have in general, 2zrT cos 0 — (ar?h'p)g 
2T cos 0—h'rpg 


or 
2x07 cos 0— (3x 10-*)x (1x 1073) x 1000g 
9:8 
os uie. 
or S 14 


Now, 
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4. Pressure inside the bubble =p,+-pgh+ = 


; 4x 07 
=10ë , — 
1054- 1000 x 9:8 x 5+ Ax 10-5 


=1054+:5x 105-L--7 x 105 
=2:2 x105 N/m?. Ans. 
z” -6 + 
Sge ELÄ; p2 _ 2x ‘07x 70x10 


pd* . 1000 « (1 x 1074): 
="98N. Ans. 


6. See Ex. 2. Heat: energy produced - 287". Ans. 


7. We have, v= Sr. 


x av- + 3r? ar, 
OV or 
T= 


% error in volume=3x % error in radius=3x2=6. 


Volume = s = * X (4:22) 2315 cm? 


Volume =(315+6%) cm?. Ans. . 
We have, S=4nr2.0S=S8nrdr 
and 08. = 20r 
S r 
"$96 error in s=2x2=4, 
Area = 4nr? =4r x 422? —224 cm? 
Area—(224-495)cm?. | Ans. 
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